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1.0 INTRODUCTION 

This documenl was prepared under Task 8, Prepare the Comprehensive Risk Assessment (CRA) 
Work Plan, of the Final Work Plan for the Dcvelopnient of the Remedial Investigation/ 
Feasibility Study (RI/FS) (DOE 2002a), and describes the scope, activities, and methodology for 
the Draft CRA. The Draft CRA is referred to hereafter as the CRA. The purpose of the CRA is 
to assess human health and ecological risks' posed by chemicals, metals, and radionuclides 
remaining at the Rocky Flats Environmental Technology Site (RFETS or Site) following 
accelerated actions. The CRA will support the Draft RI/FS Detailed Analysis of Alternatives, 
Proposed Plan, and Corrective Action Decision/Record of Decision (CAD/ROD) for the Site. 

The activities associated with Task 8 of the RI/FS Final Work Plan have evolved since 
publication of the document. Task 8 identifies 10 items that were to be presented in this 
document: 

I .  Data quality objectives (DQOs); 

2. , Site conceptual model (SCM), including exposure scenarios, exposure pathways, and receptors; 

3. Fi'nal list of contaminants of concern (COCs) following statistical evaluation and preliminary 

sc ree ri i n g ; 

4. Reasonably foreseeable anticipated land use and use restrictions for the Site; 

5 .  Background conccntrations for COCs; 

6. Establisheci cletectiori limits for COCs; 

7. COC physical and chemical characteristics; 

8.  Methods for conducting the exposure assessment, toxicity assessment, and risk characterization; 

9. Fate and transport models used to predict exposure point concentrations (EPCs); and 

IO. Preliminary remediation goals (PRGs) for surface soil, sediments, and groundwater from a human 

health and ecological perspective. 

I tem I ,  2 , 4 ,  8, and 10 are developed in this document. Items 3, 5, and 7 will be completed 
using methods discussed herein and reported in the CRA. Item 6 was discussed in the separate. 
Industrial Area (IA) and Buffer Zone (BZ) Sampling and Analysis Plans (SAPS) (DOE 200 I ,  
2002b) and is also included in the combined IA and BZ SAP (IABZSAP) (DOE 2004a). Item 9 
is discussed below i n  general and will be presented i n  depth in a separate groundwater modeling 
report. For Ttem IO,  hurnan health PRGs that have not been included in  the Rocky Flats Cleanup 
Agreement (RFCA) will be referred to as "screening-level PRGs" to distinguish them from those 
lhal have been reviewed for inclusion i n  RFCA. These PRGs have been developed specifically 
for (he CRA and will not be iiclctecl to RFCA. Hum;in health screening-level PRGs are presentecl 
i n  this documen[ (Appendix A),. Ecological sci-eening levels (ESLs) have been developed i n  

I 
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place of ecological PRGs and are presented in Appendix B. Regulatory contact records that 
document refinements to the CRA Methodology are included as Appendix C. 

1.1 Comprehensive Risk Assessment Scope 

11 Scope: The CRA will quantify and report risks posed by residual ll 
I contamination at the Site to human and ecological receptors after 

accelerated actions. I 
RFCA adopted an accelerated action cleanup approach to expedite remedial work and maximize 
early risk reduction at the Site, as described in RFCA paragraph 79 (DOE et al. 1996). The CRA 
will be conducted i n  a progressive approach as accelerated actions are completed and data on the 
nature and extent of contamination are collected during the Sitewide RUFS effort. After 
accelerated actions, the need for further actions, if any, will be analyzed in the Draft RYFS, 
hereafter refei-red to as the RVFS. Risks to human and ecological receptors posed by residual 
contamination at the Site will be quantified and evaluated in the CRA. The CRA will be 
included in the RVFS Report. 

This document presents the Final CRA Work Plan and Methodology, hereafter referred to as the 
CRA Methodology. This CRA Methodology presents the approach to be used in the CRA 
including the SCM, exposure scenarios, exposure factors, toxicity assumptions, and risk 
characterization methodology. The CRA Methodology is ii rna-jor revision to and supersedes the 
previously circulated Draft Methodology (DOE 2000). This revision was required due to the  
change of the reasonably anticipated future use of RFETS as a wildlife refuge as designated by 
the Rocky Flats National Wildlife Refuge Act of 2001. After completion of cleanup and closure, 
RFETS will become a National Wildlife Refuge i n  accordance with the Rocky Flats National 
Wildlife Refuge Act of 2001, PL 107-107, 16 U.S.C. 3 668dd note (Refuge Act).This 
designation means it is unlikely that RFETS will be used for limited industrial, unrestricted open 
space, or on-site residential uses, and the associated exposure scenarios are no longer included in 
the current Methodology. The CRA is based on the assumption that the future land use for the 
Site will.be a wildlife refuge, as  designated by the Act. 

The CRA will iissess all areas within the RFETS boundary. For Operable Unit (OU) 3, Offsite 
Areas, a risk assessment was performed (DOE 199621) and a CAD/ROD was issued (DOE 1997). 
The OU 3 risk assessment will be reviewed and summarized in  the CRA. However, OU 3 will 
not be reassessed unless the on-site assessment indicates circumstances that could alter the 
conclusions of the earlier OU 3 assessnient. Information that will be evaluated i n  this regard 
includes surface water and air monitoring data collected a t  the Site boundary, and new soil and 
surface water data collected during accelerated actions. Areas to be addressed within the RGETS 
.bou nclai-y i nc I iicle areas con t ai n i n g ex i s 1 i ng or former OU design at i on s . W h i I e C A D/RODs have 
been issued for some of' these OUs (OUs I ,  I I ,  IS, and 1 C,), these areas Lire included lo enable 
c I1 ai-ac teri za t i o 11 of r i s k with i n e x  h des i gn at ect ex posu re LI n i t (EU) an ci aquatic es  pos LI re i i  n i t 
(AEU) for [lie ei1tii.e Site. 

2 
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1.2 Technical Approach 

The primary tasks required to complete the CRA, and their interrelationships, are detailed in this 0 
section. A generalized flow of the process is shown on Figure I .  1': Primary tasks included in 
this document are: 

Geneixte the SCMs for both human health and ecological assessments with all defined 
exposure pathways, receptors, and scenarios; 

Identify exposure factors; 

Develop EUs and AEUs; 

Update human health PRGs and develop human health screening levels for the CRA; and 

Develop ESLs for the CRA. 

The human health risk assessment (HHRA) and ecological risk assessment (ERA) will be 
conducted in parallel. The CRA will assess human health and ecological risks from residual 
contamination using all available data including historical samples, monitoring data, and 
characterization and post-cleanup confirmation sampling results.. 

2.0 HUMAN HEALTH SITE CONCEPTUAL MODEL 

11 Action: Develop an SCM of receptors, exposure scenarios, and exposure II 
pathways to guide the CRA process. II 

The reasonably anticipated future land use for RFETS is a wildlife refuge. The U.S. Department 
of Energy (DOE) will be responsible for stewardship activities, such as monitoring and 
maintenance, wi th in  those areas associated with a Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) remedy, as appropriate. Refuge workers are 
assumed' to be present on site for most'of the year and engaged in refuge maintenance and 
ecological work activities. A Comprehensive Conservation Plan is under development by the I 

U.S. Fish and Wildlife Service (USFWS) (draft dated February 2004; anticipated completion of 
final i n  December 2004), i n  consultation with the Stakeholders. Specific refuge activities will be 
determined by this plan. 

An exposure pathway describes a specific environmental route by which an individual receptor 
could be exposed ro contaminants present at or originating from a site. After the primary 
source(s) and release mechanisms are identified for the site, the resulting secondary sources and 
secondary release mechanisms are identified and described. Subsequent sources and release 
mec han i sin s are i dent i fied ii  ti ti I the ex posu re pat ti ways for each con tam i n an t are fit I 1 y del i neated . 
A coni p I e te ex po s CI re pat I i  \v a y i n c I u des fi ve e I e in en ts : s OLI rce, mec 11 an i sin of re I ease, t ra ti sport 
medium, exposure poinr, and intake route. If  a n y  of these elements are missing, the j3athway is 
i tic0 m p I ere. 

3 
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Exposure pathways and exposure routes in the SCM have been categorized as significant (S), 
insignificant (I), or incomplete (IC) using best professional judgment i n  consultation with the 
U.S. Environmental Protection Agency (EPA), Colorado Department of Public Health and 
Environment (CDPHE), and USFWS. All such judgment will be supported by an analysis of the 
available evidence. The rationale and justification for the classification of all exposure pathways 
will be included in the CRA Report. Significant and insignificant exposure pathways are 
complete exposure pathways. Significant exposure pathways contribute the major portion of risk 
or dose. An insignificant pathway is complete but will not contribute significantly to the total 
risk or dose. An incomplete exposure pathway is missing one or more of the five elements 
necessary for a complete exposure pathway. With an incomplete pathway, there will be no 
exposure, and the pathway will not contribute any risk or dose. All significant exposure 
pathways will be quantitatively assessed at RFETS, while insignificant and incomplete exposure 
pathways wi I I  be qualitatively addressed. 

The comprehensive human health SCM, including all potentially viable exposure scenarios and 
pathways, is presented on Figure 2.1. Receptors in the SCM are described in detail below. 
Exposure factors for each significant pathway are presented in Section 4.0. 

2.1 Receptors 

The Rocky Flats National Wildlife Refuge Act (2001) establishes a wildlife refuge as the future 
land use of the Site. Two types of receptors are associated with the wildlife refuge land use: the 
wildlife refuge worker (WRW) and the  wildlife refuge visitor (WRV). These scenarios are 
evaluated in the SCM and will be assessed in the CRA. It is assumed that the WRW is exposed 
to outdoor contaminants for an average of one-half the workday. Current planning by USFWS 
does not include year-round offices or an on-site visitor center. A seasonally staffed visitor 
contact station may be built on the western side of the Site (USFWS 2004). If an office/visitor 
center was built on site, there could be exposures to contaminants transported into the building 
for an average of one-half the workday for the WRW. This potential exposure for the WRW will 
be assessed in each EU. The WRV will have very limited exposures to indoor contaminants. 
Primary exposures will be to outdoor contaminants. Therefore, indoor exposures will not be 
assessed for the WRV. 

Risks to an off-site resident were assessed i n  the  OU 3 Resource Conservation and Recovery Act 
(RCRA) Facility InvestigationiRemedial Investigation (RFVRI) performed in 1996 (DOE 
1996a). Monitoring at the Site boundaries since completion of the RFVRI indicates there have 
been no releases from the Site that would alter the conclusions of the 1996 assessment. Unless 
the on-site assessment indicates circumstances that could alter the conclusions of the 1996 OU 3 
assessment, risks to the off-site resident will not be assessed. Current risks to an off-site receptor 
due to air transport are assessed i n  the annual National Emission Standards for Hazardous Air 
Pollutants Report for Radionuclides and the Annual Dose Assessment Report.' .The on-site 
resident will not be assessed because residential use is not a reasonably anticipated land use. 

Ecological receptors have been identified and will be assessed i n  appropriate habitats as 
cliscussed in  Section 7.0. The key ecological receptors have been selected to adequately 
rep res en t t lie I oc ;I I ec o I o g i c ;I I co ni m u  ti i t y an ci q 11 a t i  t i fy t lie ra ti ge o f potent i a I ' i ni 13 acts , 
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Figure 2.1 Human Health Site Conceptual Model 
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2.2 Human Health Exposure Scenarios 

The following exposure scenarios define the exposure pathways and assumptions for the 
WRW and WRV. Insignificant and incomplete exposure pathways are also defined and 
discussed. Justification for the classifications of exposure pathways will be included in the 
CRA. If preliminary calculations or information suggest that a pathway is significant, the 
classification will be changed. 

2.2.1 

The WRW scenario for the CRA (Section 4.1.2) is consistent with the WRW scenario used 
for development of RFETS radionuclide soil action levels (RSALs) (EPA et al. 2002). The 
CRA assumes that the WRW will spend 50 percent of his or her work-time outdoors on the 
Site and the remaining 50 percent of their work day will be spent in an indoor office. The 
WRW will conduct fieldwork on Site that will result i n  exposure to surface soil, subsurface 
soil, sediment, and surface water. 

Wildlife Refuge Worker Exposure Scenario 

Monitoring, maintenance, and other long-term stewardship activities to implement and 
evaluate the continuing protectiveness of the comprehensive final remedy will occur on Site. 
The exposure parameters and pathways associated with these activities are contained within 
the WRW scenario. It is assumed that exposures due to monitoring, maintenance, and other 
stewardship activities will be less than that for the WRW scenario. This is because 
environmental workers will conduct work in accordance with appropriate Site Health and 
Safety Plans (as Site workers do currently) and appropriate protective equipment will be 
used. Consequently, these individuals will not be exposed to contaminants at any higher 
concentrations than those to which the WRW is exposed, and the exposure frequency will be 
low. Therefore, the WRW scenario provides an upper bound for risks due to these activities, 
and a specific “stewardship receptor’’ will not be assessed in the CRA. 

Complete Exposure Patlzwaj1s for the Wildlife Refige Worker 

Potentially complete exposure pathways from which exposures are expected for the WRW 
include: 

Ingestion of and dermal exposures to surface soil/sediments, subsurface soil, and 
surface water; 
Inhalation of volatiles and particulates; and 
External exposure to beta and gamma radiation from radionuclides present i n  soil, 
subsurface soil, sediments, and building rubble. 

Coinplete and Sigrtifcant Exposiirc Pathways for  the Wildlife Refuge Worker 

The exposure pathways for the WRW that are expected I O  be both complete nnd have the 
possibility of contributing significantly to risk are: ’ 

In ha1 a1 ion of sit rface so i I ~ secli men t s, and SLI I x u  rface so i I p a r t  i ~ L I  I ares; 
Ingestion o f  surface soil and subsiiifxx soil/secliments; 
Dermal exposure to surface soil/secliments and subsurface soil; ;ind 

External irradiation exposure from surl’uce soi I ,  secli ments, and subsurface soi I ,  

7 
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Cornplete but Iizsigni'caizt Exposure Pathways f o r  tlze Wildlife Refuge Worker 

Best professional judgment has been used to designate exposure pathways that are considered 
complete, but are not anticipated to contribute significantly to Site risks to the WRW. This is 
generally due to a variety of factors that lead to low intakes. The rationale and justification 
for the classification of all exposure pathways will be included i n  the CRA Report. The 
following pathways are considered i nsign i fican t: 

Ingestion of surface water; 

Dermal exposure to surface water; 
Inhalation of volatiles from groundwater; 
Inhalation of volatiles from surface soil and subsurface soil; and 

External irradiation exposure from subsurface soil and building rubble. 

Incomplete Exposure Patlzways for  the Wildlife Refuge Worker 

Best professional judgment has been used to designate exposure pathways that are considered 
incomplete. Incomplete pathways imply that exposures are not anticipated and consequently 
will not contribute.to Site risks to the WRW. The rationale and justification for the 
classification of all exposure pathways will be included in  the CRA Report. The following 
path ways are con si de red i n c o m p 1 e te : 

. 

Ingestion of fish and/or deedgrazing animals from the Site; 
, 1nge.stion of gfoundwater; 

' Ingestion of homegrown produce; and 
Ingestion of building rubble. 

2.2.2 

The WRV scenario is based on the open space scenario used in the RSAL Report (EPA et al. 
2002). The WRV includes both a child and adult who visit the Site 100 days/year for 2.5 
hours/day, for a total of 250 hours/year. The remainiiig time is spent off site. Outdoor 
recreational activities will primarily be on and near.established hiking trails. Hunting may be 
allowed on a very limited basis, possibly by lottery. It is assumed that this receptor may be 
exposed to residual contaminants. It is also assumed that the WRV will not conduct 
activities resulting i n  significant exposure to subsurface soil and surface water. 

Wildlife Refuge Visitor Exposure Scenario 

Cornplete Exposure Patlzways for  tlze Wildlife Refiige Visitor 

Potentially complete exposure pathways from wliicli exposures are expected for the WRV 
i n c I u de : 

Ingestion of and dermal exposures I O  surface soil/secliineiits, subsurface soil, and 
surface water; 
Ingestion of deer and/or grazing animnls; 
I 11 11 a I at i o ti of vo I a t  i I es an cl pa 1-1 i c 11 I ates ; ;i ti ci 
External exposure to beta ancl  gamma I-acliation from radionuclicles present i n  soil, 
subsuiface soi 1 ~ sed i men t s :  an cl bu i Id i ti 2 ix bbl e. 

e 

s 
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Complete and Significant Exposure Patlzwuys for the Wildlife Refuge Visitor 

The exposure pathways for the WRV that are considered both complete and have the 
possibility of contributing significantly to risk are: 

Ingestion of surface soil/sedtmcnts; 

Inhalation of surface soil/sedinient particulates; 

Dermal exposure to surface soiVsedirnents; and 

External irradiation exposure from surface soil/sediments. 

Complete but 1nsignifican.t Exposure Pathways for the Wildlife Refuge Visitor 

Best professional judgment has been used to designate exposure pathways that are considered 
complete, but are not anticipated to contribute significantly to Site risks to the WRV. An 
insignificant designation is generally due to a variety of factors that lead to low intakes. The 
rationale and justification for the classification of all exposure pathways will be included in 
the CRA Report. The following pathways are considered insignificant for the WRV: 

Ingestion of surface water; 
Dermal exposure to surface water; 
Ingestion of deer and/or grazing animals; 
Inhalation of outdoor air volatiles from surface water and groundwater; 
Inhalation of outdoor air volatiles from surface and subsurface soil; 
Inhalation of indoor air .on Site; and 
External irradiation exposure from subsurface soil and building rubble. 

Incomplete Exposure Pathways for  the Wildlife Refuge Visitor 

Best professional judgment has been used to designate exposure pathways that are considered 
incomplete. The rationale and justification for the classification of all exposure pathways 
will be included in the CRA Report. The following pathways are not anticipated to result in 
exposures, will not contribute to Site risks, and are considered incomplete for the WRV: 

Ingestion of groundwater; and 

Ingestion of building rubble. 

a 
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3.0 DATA COLLECTION AND EVALUATION 

Actions: Identify data needs and data sources, assemble data, and 
evaluate data quality and adequacy. 

Data evaluation and aggregation will be performed on an EU, AEU, and Sitewide basis for 
the HHRA and ERA. The EUs are defined in Section 4.2 and the AEUs are defined in 
Section 7.0. The data evaluation and aggregation methods are described below. The DQO 
process specifies project decisions and techniques necessary to generate quality data and 
make associated conclusions (EPA 20004. The DQO process will be used to: 

Define stated objectives; 

Establish necessary data types; 

Conduct data aggregation; and 

Define appropriate data collection methods; 

Specify acceptable levels of data quantity and quality necessary to support the risk 
assessment process. 

Nature and extent data that have been collected historically at RFETS, and also progressively 
during RUFS investigations and accelerated actions, will be identified and assembled. All 
environmental data for the Site are collected under agency-approved SAPS and.standardized 
contract-required analytical procedures. Verification and Data Quality Assessment (DQA) 
procedures will be used to verify the quality and comparability of collected data. 
Accelerated actions are currently being conducted for specific areas of contamination based 
on comparison of data to human health action levels (ALs). An accelerated action evaluation 
for ecological receptors will be performed as part of the CRA process. Confirmation samples 
are collected following accelerated actions. Data that are iio longer relevant due to 
'accelerated actions will be designated and replaced wi th  the confirmation sampling data in 
order to reflect the current concentrations following accelerated actions. COCs will be . 

identified to support the comprehensive HHRA and ERA. Risks will be quantified, 
evaluated, and summarized for receptors by exposure scenarios and pathways for established 
EUs (as defined in Sections 4.2 and 7.0), and Sitewide (as defined i n  Section 7.0). 

Site data will be used to evaluate residual contamination and determine contaminant 
distributions. Exposure parameters, such as inhalation and ingestion rate, exposure 
frequency , a ri ci exposure du ration , have been de te I- i n  i n ecl fo r i de 11 ti f i ed S i te- s pec i f i c 
receptors. Toxicity data will be collected to identify or derive close limits to human and 
ecological receptors. Physical and chemical parnnieters lor all viable COCs will also be 
collected, ;is necessary, to support a complete toxicity assessmen(, assessment of  impacts to 
receptors, and deterni i nation of en v i ron men tal fate ; I  nd I im spoi'l niech~in i sins. as requ i red by 
t lie C R A. Radio logical data for pertinent radio 11 uc I ides ~ i nc I ucl i n g p I u ton i urn -2 39 ~ 

americi uin-24 I , uran i iini-2 3 5 ,  and uraii i urn-2 3 S; \vi  I I be colt eciecl to cleterm i ne Si le-speci fic 
doses. Eco I og i c al cl a t a, s uc ti as  his tori cal eco I og i c;i I ~ b i o I og i c;i I ~ ;I 11 c l  h a b  i tat i n form a t  i o n t ti a1 

. 



3.1.2 Step 2: Identify the Decision 

The primary decision is: 

“Are risks to receptors at  RFETS follorviizg exposirre to resicluul corztariiirzatiorz 
ucceptahle based orz the reusoizahly uriticiputecl firtiire lcirzd irse? ” 
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have been collected for the Site, will be cornpiled and used to support assumptions for habitat 
usage, ecological exposures, and risk characterization for the ERA. The underlying 
principles for establishing the DQOs for the human health and ecological assessments are 
generally similar; however, Site use by humans versus ecological receptors and data needs 
differ. Therefore, the huinan health and ecological DQO processes are presented separately. 
DQOs specific to the ERA process are provided i n  Section 7.0. 

3.1 

The CRA follows the EPA DQO process to ensure that the type, quantity, and quality of 
environmental data used in decision making at-e appropriate for the intended purpose (EPA 
2000a). The DQO process consists of seven steps that specify project decisions, the data 
quality required to support those decisions, specific data types needed, data collection 
requirements, and analytical techniques necessary to generate the specified data quality. 
During the first six steps of the DQO process, the planning team develops decision 
performance criteria (that is, DQOs) for the data collection design. All decision rules need to 
be considered, as appropriate. The final step of the process involves developing the data 
collection design based on the DQOs. 

Human Health Risk Assessment Data Quality Objectives 

3.1.1 Step 1: State the Problem 

Risks from exposure to residual contaminants present in environmental media at RFETS 
must be quantified to determine whether endstatc long-term land use is protective and within 
the range of acceptable risk. The nature and extent of COCs must be adequately determined 
to quantify human health and ecological risks at RFETS. Sufficient data must be available to 
the risk assessor to define the EPC, which is an estimate of the long-term concentration to 
which a receptor is exposed. The EPC incorporates thc spatial and temporal variability of 
contaminant concentrations, and reflects the random and long-tcrm access of the receptor to 
the exposure area. 

The problem IS: 

“The lorig-term averuge exposure of huiiiaiz receptors to corztariiirzaizts irz all riiedia in 
a11 EU must he estimated for- the CRA. ” 

Resolution and documentation of the following key secondary decisions will be required to 
ensure completion of the CRA. Each of these is discussed in thc following sections of this 
documen t .  

Has a methodology been developecl to adeqiiarely iissess human health risks’? 

Has ii merhodology been de\!elopecl to ndequ;ireIy idenri f y  COCs’? 

1s [he CRA SCM aclecluate to define all viable esposiii~e scenarios? exposure 
pathways, and receprors based on the i.eason;ibIy anricipared F L I ~ L I ~ ~  land use? 
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Have all EUs been adequately defined and established? 

Have the nature and extent of inorganic, organic, and radionuclide analytes within 
EUs been identified with adequate confidence, based on evaluation of Site process 
knowledge and analytical data? 

Have sufficient samples been collected to adequately estimate the long-term average 
exposure of receptors to contaminants i n  all media in  an EU? 

3.1.3 

Available Site historical information, sampling data, and the CRA Methodology and 
requirements will be used to determine adequate sampling locations and densities for EUs. 

The CRA DQA methodology (Section 3. I .5) will be applied to all data used in the CRA. 
The DQA procedures generally follow the federal guidelines i n  EPA’s Guidance for Data 
Usability in Risk Assessment, Parts A and B (EPA 1992a, 1992b). Data will be screened 
through the COC selection process as described in Section 4.4. All data will also be screened 
using professional judgment to ensure they meet risk assessment needs. The rationale and 
justification will be documented in the CRA Report. All selected COCs will be used to 
calculate risks to receptors. 

Step 3: Identify the Inputs to the Decision 

3.1.4 

Study boundaries are used to define the spatial and temporal boundaries for data collection in 
support of the decision to quantify risk to receptors. Environmental inedia analyte data will 
be assessed for surface soil and sediments to a depth of 6 inches. and for subsurfacc soil from 
6 inches to 8 feet. Existing environmental media data will be used when possible and 
additional sampling will be conducted if determined to bc necessary. Sufficient samples will 
be collected to statistically evaluate the data, identify COCs, and quantify risk to receptors. 
These results will be used in the CRA. 

Step 4: Define the Study Boundaries 

The assessment will be confined to the area within the RFETS boundary unless the on-site 
assessment indicates circumstances that could alter the conclusions of the assessment 
performed earlier for OU 3, Offsite Areas (DOE 1996a). 

Functional EUs for the WRW and WRV receptors have been established based on 
watersheds, known patterns of contamination, and expected activity patterns. Known 
Individual Hazardous Substance Sites (IHSSs), Potential Areas of Concern (PACs), and 
Under Building Contamination (UBC) Sites of special interest will be included in  the EU 
assessments. Analyte data will be aggregated at the EU level to quantify risk to human 
receptors. 

Statistic a1 e v al LI a t i o n of en vi ro n men t al data may i 11 c I LI de s I 21 11 d arc1 de sc r i pt i ve c a 1 cu 1 at i o n s ; 
precision, accuracy, representativness, completeness, and comparA%lity (PARCC) parameter 
analyses; distribution testing; population testing of Sire data relative to background; 
no ti pai-anie t r i c tes I s ; and pro ba bi I i s t i c res am p I i iig tech n i q Lies, s uc h as Boo ts t ra p p i ng a ti d 
power ca I CU I at i on s. 

I 
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3.1.5 

This scction presents the decision rules to determine data adequacy for both the human health 
and ecological risk assessment portions of the CRA. The nature and extent of organics, 
iiiorganics, and radionuclides must be determined with sufficient certainty to permit adequate 
quantification of statistically determined EPCs, and quantification of risk to receptors. 
Sufficient samples must be collected to adequately estimate the long-term average exposure 
of receptors to contaminants in all media in an EU. Adequate characterization will ensure 
that EPCs are representative of the areas to be assessed. The placement of samples Sitewide 
will be assessed to ensure that sources of contamination are well characterized and that the 
adequacy of the EPCs can be determined. Data adequacy criteria must, therefore, be met or 
additional sampling and analysis will have to be performed. 

Step 5: Identify the Data Adequacy Decision Rules 

Data Adequacy Assessment 

The following decision rules will be used to determine whether analyte data are adequate to 
support statistical, exposure, and risk calculations for the CRA. 

If one or more metal and radionuclide surface soil sample is available per 30-acre block 
outside of source areas, data will be considered sufficient. If not, one composite sample 
will be collected in each 30-acre area, as described in the Buffer Zone Sampling 
Addendum (DOE 2004). 

Data adequacy for all other analyte groups and media will be determined through the 
consultative process with the agencies. All decision criteria, sampling decisions, and 
supporting data wili be iiicludcd in the data adeqtiacy report (DAR) for the CRA. Final 
sampling locations will be deteimined through the consultative process with the 
regulatory agencies. 

PA RCC Parariieter Assessment 

Data quality and adequacy will also be assessed using a standard PARCC parameter analysis 
(EPA 2000b) for all data in each environmental media as described below. 

Precis ion 

For nonradi ological contaminants, i f  the re1 at i ve perce ti t difference (RPD) between the' target 
and duplicate, at concentrations five times the reporting l i m i t  (RL), is less than 35 percent for 
solids and 20 percent for liquids, the overall precision of the contaminant concentration is 
adequate. Otherwise, the magnitude of the imprecision must be addressed in the CRA and/or 
additional samples may be required (EPA 2000b). 

For radiological contaminants, if the duplicate error ralio (DER) is less t h a n  1.96, the overall 
precision of the contaminant concentration is adequate. Otlierwise, [he magnitude of the 
imprecision must be addressed i n  the CRA and/or additional snmples may be required (EPA 
2000b). 

a 
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Accuracy 

If overall accuracy for the SW-846 (EPA 1994) and alpha-specti-oscopy methods comply 

2003), as Verified through formal verification and validation (VSrV) (EPA 2000b) of the 
results, then the results may be used in the CRA without qualification. Otherwise, the 
magnitude of the inaccuracy(s) must be addressed in the CRA and/or additional samples may 
be required. 

with the National Basic Ordering Agreement (BOA) Implementation Requirements (K-H ' ' 
I \  

Representativeness 

Prerequisites to the decision criteria include an adequate number of valid sample results as 
stipulated in the Completeness section, and sample acquisition and analysis under an 
approved Quality Program as follows: 

If sampling locations are spatially distributed such that contaminant randomness and 
bias considerations are,addressed, based on the site-specific history, then sample 
results are representative. Otherwise, the results inust be qualified and/or additional 
samples collected. 

If samples were analyzed by the SW-846 or alpha-spectroscopy methods and results 
were documented accordingly, as quality records according to approved procedures 
and guidelines, the sample results are representative of contaminant concentrations. 
Otherwise, results of the  CRA must be qualified and/or additional samples collected. 

completeness 

Completeness will be evaluated using the following determination: 

If at least one sample for metals and radionuclides exists in  each 30-acre block across 
the Site, the sampling is adequate. 

If samples were collected to spatially define the distribution of an analyte in an EU, 
the number of samples is adequate. Otherwise, additional samples may be collected. 

Comparability 

Sample collection and analysis methods will be reviewed for.comparability. Similarities and 
differences between the sample collection and analysis methods will be documented. 
Decisions on comparability will be made i n  consultation with the regulatory agencies. If 
chemical and radiological results are comparable within the aggregated CRA data set based 
on defined matrices and standardized units of measure (for exumplel picocuries per gram 
[pCi/g] and milligrams per kilogram [mg/kg]), the data are adequate for use i n  the CRA. 
Otherwise, the results inust be converted or normalized, the CRA qualified, and/or additional 
samples collected (EPA 2000b). 

3.1.6 

Sources of uncertainties i n  the risk assessinents will be identif'ied, minimizecl: and 
documented i n  the CRA. This niay include use of i i p p ~ ~ " - b ~ i ~ ~ i d  iiumbers or ranges of valuesl 

Step 6 :  Specify Tolerable Limits on Decision Errors 
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as applicable, for various parameters considered; concentration term estimates; contaminant 
transport; data distribution assumptions; and EU use assumptions. 

Where alpha and beta errors are applicable in statistical hypothesis testing, these errors will 
also be documented. Alpha error will not exceed 10 percent i n  sample power calculations, 
whereas beta error will not exceed 20 percent i n  sample power calculations. 

3.1.7 

Based on the iterative nature of the DQO process, any decision that is not consistent with 
project goals will result i n  a reinitiation of the DQO process. If determination of the nature 
and extent of analytes is found to be inadequate, further sampling will be initiated. If 
sampling power is determined to be inadequate for any given scenario and set of analyte data, 
more samples will be collected and the sampling power will be recalculated. 

Step 7: Optimize the Design 

4.0 HUMAN HEALTH EXPOSURE ASSESSMENT 

Actions: Identify potential land use and exposed populations; develop 
the SCM, exposure factors for each pathway, and EUs for data 
aggregation; identify COCs; determine whether transport modeling is 
necessary; estimate COC EPCs; and quantify intake to receptors. 

The CRA human health exposure assessment will quantitatively and qiditatively evaluate 
contact between human receptors and COCs. The exposure assessment will estimate the total 

, dose or intake for a receptor in an EU for a particular land use and exposure scenario. The 
' calculated dose is then combined with chemical-specific dose-response data to estimate risk 

(EPA 1992~) .  The exposure assessment methods for the HHRA are described i n  detail in the 
following sections. \ 

4.1 Exposure Factors 
This section presents the exposure factors for the HHRA. 

4.1.1 Exposure Pathway Assessment 
Exposure pathways (that is, the courses a contaminant takes from the source to a receptor) 
are shown i n  the SCM (Figure 2. I). In the model, exposure pathways are designated as 
incomplete (IC), complete and significant (S), or complete arid insignificant (I) as defined 
prev i ou s 1 y . 

Direct contact with surface soil, subsurface soil (to 8 feet i n  depth), and sediments; the 
inhalation of airborne contaminants; and exposure to penetrating radiation are the priinary 
exposure pathways of concern. Contact with subsurface soil is considered for rhe LVRW, but 
is Iimitecl both spatially and temporally (Section 4.5). Ingestion of and clerinnl contacl \ v i ( h  
s u r face w ate I- and vo 1 at i I i z at i on o 1 co ti t am i n a ti t s are c o ti s i d e i ~ d  i n si 2 n i f i c ;I n I 13 ii t h ways, 
Ingestion of or dermal contact with groundwater are considered incomplete md  will not be 
assessed. Lngestion of or dermal contacl with groundwater that clayliglirs a t  seeps or.,streams 
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are considered to be insignificant pathways. Ingestion of animal tissue is incomplete for the 
WRW, but is considered complete but insignificant for the WRV due to the fact that hunting, 
if any, will be limited. All other exposure pathways are considered incomplete and will not 
be addressed, including ingestion of groundwater and/or fish. 

Iithalatioiz Path way 

The inhalation pathway will be assessed for resuspension of airborne contaminants present in 
surface soil transported to human and ecological receptors. The receptors will be assessed 
for this exposure pathway using the contaminant concentration in the soil and the mass 
loading variable developed for the RSALs (EPA et al. 2002). Increased resuspension and 
exposures due to fires are also accounted for the WRW and WRV in the mass loading factor 
as calculated by the RSALs Workgroup. The potential volatilization of contaminants from 
soil and shallow groundwater to receptor locations is considered an insignificant pathway. 
Volatilization into office space will be evaluated for WRW offices outside the ICA. 

Ingestion Pathway 

The ingestion pathway will be assessed for direct ingestion of contaminants present in 
surface soil and sediments and the WRW and WRV receptors. Direct ingestion of surface 
water will be assessed for the WRW, but not the WRV receptor. Exposure to Contaminants 
i n  groundwater in the upper hydrostratigraphic unit (UHSU) transported to surface water is 
currently considered complete, but insignificant. An assessment will be perfoi-nied on 
surface water data and results of modeling the transport of groundwater contaminants to 
surface water and reportcd i n  the CRA. 

Runoff from Contaminated soil to nearby surface water could also result i n  direct ingestion of 
contaminated surface water and contribute to possible contamination of aquatic species. 
However, direct ingestion of contaminated fish collected from the area is considered an 
insignificant and incomplete pathway, and will not be assessed. Ingestion of deep aquifer 
(LHSU) groundwater will not be assessed as a viable exposure pathway. Collection of meat 
from hunting activities and subsequent ingestion is also considered insignificant and will not 
be assessed. 

Derinal Exposure Path way 

Dermal exposure due to contact with contaminated soil and sediments will be assessed for 
the WRW and WRV receptors. Derinal exposure to surface water will not be assessed for 
either receptor. 

Exterital Irradiation Exposure Path way 

External irradiation exposure will be assessed for both receptors to detei-mine impacts to 
human receptors resu I ti ng 11.0 m exposure to ex tern a1 penetrat i ng rad i a t io t i  em ;I t i  ati ng from 
rad i on uc I ides present i 11 con tam i n ated en v i  ron me n tal nied i a. 
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Chemical concentration in medium ~ c s  mglkg or pCi1g chemical-specific 
Adult body weight ~ B wa kg 70 
Surface soikediment exposure frequency Efwss daylyr 230 

kxposure duration Ed w Yl' 18.7 

Exposure time fraction, outdoor Eto-w _ _  0.5 
Exposure time fraction, indoor Eti-w _ _  0.5 
Averacing time - noncarcinogenic Atnc dav 6.826 

Exposure time Etw hrlday 8 

Soil dermal absorption fraction ABS _ _  chemical-specific 
Inhalation ratc Iraw I l l  "I1 r I .3 
Dilution factor, indoor inhalation Dfi -- 0.7 
Mass loading, (PM IO) for inhalation MLF kglm' 6.7E-08' 
Area correction factor ACF _ _  0.9 

Te-A Gamma exposure factor (annual) surface 
oil = (Efwss 1365 daylyr) _ _  0.63 

. Te-As Gamma exposure factor (annual) 
ubsurface soil = (Efwsub I 365 daylyr) _ _  0.05 

Tc-Do _ _  0. I67 

Te-Di _- 0. I67 

Gamma exposure factor (daily) outdoor = 
(Etw x Eto-w hrlday 124 hrlday) 
Gamma exposure factor (daily) indoor = 
(4 hrlday 124  hi-/day) 

Conversion factor 2 CF2 d k z  1.000 
Conversion factor I CF I kg/mg 0.00000 1 

4.1.2 

The exposure factors for the WRW are presented in  Table 4.1. Factors were taken from the 
RSALs Task 3 Report (EPA et al. 2002) where available. Dermal exposures were not 
included in the RSALs. The sediment and subsurface pathways also were not assessed in the 
RSALs Report. 

Wildlife Refuge Worker Scenario Exposure Factors 

Table 4.1 CRA,Exposure Factors for the On-Site WRW Receptor 
I ExDosure Factor I Abbreviation I Unit I Value Source 

EPA 1991 
EPA et al. 2002 

I 2o I Efwsub 1 daylyr soillsediment 
xDosure freauencv DOE 2003a 

EPA et al. 2002 
EPA et al. 2002 
EPA ct al. 2002 
EPA et al. 2002 

Calculated 
I 25.550 ' hveraginz time - carcinogenic I Atc I dav Calculated 

ISoil/sediment ingestion rate I Irwss I mddav I 100 EPA et al. 2002 
]Skin-soil adherence factor I Afw 1 ing/cm2-event I 0.1 17a EPA 200 1 b 
kvent freauencv I Evw I cventslday I I EPA 200 1 b 
ISkin surface area (exDosed) l Saw l c ni- I 3,3OOb EPA 200 1 b 

EPA 2001 b 
EPA et al. 2002 
EPA ct al. 2002 
EPA ct al. 2002 
EPA et al. 2002 

I 1 IGamnia shieldina factor (I-Se) outdoor I GSFo I _ _  EPA et al. 2002 
bamma shielding factor (I-Se) I GSFi I -- I 0.4 EPA ct al. 2002 

Calculated 

Calculated 

Calcu lared 

Calculated 

Iconversion factor 3 I CF3 I a/ni P I 0.00 1 
a. The skin soil adherence factor is the geometric mean for farmers. This value is rccommcnded by CDPHE for 

use i n  the WRW PRGs. 
b. Tlic skin surface area value is thc EPA default for commercial/industri~il exposures and is the averagc of thc 

50'" pcrccntilc for mcn and womcn > I  8 ycars old wearing a short-sleeved shirt. long pants. and  shoes. Tlic 
vnluc w a s  recommended b y  CDPHE lor use i n  the WRW PRGs. 

toatling value. is the 95'" percentile of the cstimared 111 

RSAl-s Task 3 Report (EPA ct al. 2002). 
' I oacl i 11 g tl i st r i hu t  i on cs I i niareci i n  L lic 
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Dermal absorption fraction ABS -_ chemical-specific EPA 200 I h 
2.4 EPA et al. 2002 Outdoor inhalation rate - adult, Irov m’/h r 

lrcov m3/hr I .6 EPA et d. 2002 Outdoor inhalation rate - child 
Age-averaged inhalation factor (non- 

lragav til3- y r/ kg -d a y 3.7 EPA et al. 2002 rad ion uclides) 
Age-averaged inhalation rate 
(rad i onu t  I ides j Ir~1gav-r m3/hr  2.2 EPA et al. 2002 

Mass loading, (PM 10) for inhnlation M L F  k g / m ~  6.7 &OSg EPA dt n l .  2002 
0.9 EPA ct al. 2002 .Arcs correction factor ’ ACF _ _  

Find Coinprelzensive Risk Assessment Work Plan and Methodology 

Gnmina shielding factor ( I -Sc) outdoor GSFo _ _  I EPA et i l l .  2002 

_ _  0.3 Calculatctl 
cia I11 11121 ex IIOS It rc Inct o r  (211 I1 llil I  ) = (El-\, 

Gamina cx~msurc factor (clailyj = (Etv ‘rc- 11 \/ - -  0. I Cnl c 11 I  ;Itcd 

Tc-Av . / 365 clap/yr) 

Sepmiiber 2005 
Revision I 

4.1.3 

Current plans for the wildlife refuge include public uses similar to open space usage 
previously developed for RFETS, with trails for wildlife observation, hiking, and biking 
(USFWS 2004). The exposure time and duration factors for the WRV receptor, presented in  
Table 4.2, are based on a survey conducted by Jefferion County of open space users 
(Jefferson County 1996). The values were first used i n  the open space PRG calculations for 
the Site and were adapted for the RSALs Report. 

Wildlife Refuge Visitor Scenario Exposure Factors 

Table 4.2 CRA Exposure Factors for the WRV Receptor 

IS 

3O 
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Exposure Factor Abbreviation Unit Value Source 
hrlday 124  hr/day) 
Convcrsion factor I CF  I kglmg 0.00000 1 
Conversion factor 2 - CF2 g/kg 1,000 
Conversion factor 3 CF3 g / w  0.00 I 

4.2 Functional Exposure Units 

Risk assessments evaluate the long-term threats to human health and the environment. An 
EU is the area over which long-term risks to the chosen receptors are assessed. The EU is an 
embodiment of tlie exposure scenario and its size varies with the land use and receptor 
activities. Recreational or open space EUs are generally large, depend on the recreational 
activities envisioned for the site, and represent the area over which a receptor ranges during 
recreational activities. The activities of a WRW are even more extensive and varied, and thc 
area over which the worker will be exposed during a career is quite large. 

I 

4.2.1 Exposure Unit Development 

Human health risks and health hazards will be assessed in two ways at RFETS: 

1.  An on-site WRW will be assessed based on exposure to COCs selected for each EU. 

2. An on-site WRV will be assessed based on exposure to COCs selected for each EU. The 

The EUs for the WRW and WRV are illustrated on Figure 4.1 a. AEUs were developed for, 
the ERA. The AEUs are presented on Figure 4.1 b and described in Section 7.0. As stated 
above, sources of containination will be determined using Site data to assess tlie spatial and 
temporal distribution of all classes of contaminants. This information will be used to support 
the selection of COCs. Primary areas of contamination will be identified and depicted on 
Site maps. Data sufficiency will be assessed. 

The RFETS EUs integrate tlie above factors and also: 

same EUs will be used for the WRV as for the WRW assessment. 

Co i i  s i de r S i te con I a in i 11 an t re I e ase p a t k  i ' n  s and d i s t i n c L areas o I-. con [ a  in i 11 at i on ; 

Aggregate data on a watershed basis; 

Support future land use planning; 

19 



Final Comprehensive Risk Assesanent Work Plan and Methodology September 2005 
Revision I 

Facilitate assessment of risk i n  functional areas; and 

Comply with RFCAKERCLA requirements. 

The RFETS EUs represent long-term activity areas i n  which the WRW and WRV will be 
exposed to residual contamination. The importance and relationship of the above items to 
long-term risks are discussed below. 

Contantiitant Release Patterrzs 

Contaminant release patterns and known sources were incorporated in the delineation of the 
RFETS EUs, as shown on Figures 4.2 and 4.3. The objective is to assess areas with similar 
types of contamination on a collective basis. For example: 

The IA EU has the most IHSSs, PACs, and UBC Sites and was the area most affected 
by industrial activities at the Site. 

The Wind Blown Area EU includes surface soil affected by the 903 Pad release that 
is characterized by elevated plutonium and americium activities, 

The Upper Walnut Drainage EU includes the A- and B-Series ponds, which have 
elevated levels of radionuclides in sediments. 

The No Name Gulch Drainage EU encompasses the Present Landfill and 
downgradient areas. 

The Lower Walnut Drainage EU stream sediments are affected by surface watei 
flows from the ponds and erosion from the Wind Blown Area. 

The Woman Drainage EU IS affected by the 903 Pad, the Original Landfill, and other 
IHSSs and PACs. 

The remaining four EUs are not significantly affected by releases from the Site. 

Wa t erslz eds 

The EUs were designed on a watershed basis. This was done to account for similar long- 
term fate and transport processes for residual contaminants in  soil and sediments. The major 
surface transport process for persistent contaminants in surface soil is overland flow and 
transport of eroded soil i n  surface water. The EUs represent distinct areas affected by the 
potential transport of residual Contamination from well-defined sources and activity areas for 
the WRW and WRV receptors based on similar landscapes and habitats. 

Future Lartd Use Planning 

The EUs were designed to support future land use planning by assessing risks for areas 
aggregated by similar geography, ecology, and expected usage.' This will enable planners 
and managers to use the results of the CRA to deter!nine areas of the Site to target for more 
intensive recreational development or other uses, such as ranger offices or a visitor center for 
the reluge. 
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Assessment of Functional Areas 

The EUs are representative of functional areas of expected activity for the WRW or WRV 
receptors. The areas of the EUs vary from 390 to 735 acres, as shown i n  Table 4.3. Time- 
weighted functional activity areas for refuge personnel were calculated using survey data 
collected for the Rocky Mountain Arsenal (RMA) risk assessment (Table 4.4). The areas 
were calculated using the estimated time spent i n  each area size class, using the following 
formula: 

I 

Time- Weighted Area = z= 1 ( , ,3  (ti/tr * A;) (Equation 4- 1 ) 

Where: 
' t, = 

tt = 

A, = 

the time spent in the ith area size class by workers 

the total time spent i n  all area size classes by workers 

the  ith area (midpoint or maximum of size range) 

As the comparison of Tables 4.3 with 4.4 shows, the resulting time-weighted functional 
activity areas for WRWL, i n  general, are i n  the same size range as those designated for 
RFETS. The designated EUs (Figure 4. I) are also indicative of different functional areas. 
Activities performed in the drainages will sary from those performed i n  the upland areas due 
to variation i n  topography, vcgetation, atid habitat. The assessment of risks in the EUs will 
result i n  a complete assessment of the risks from residual contamination at the Site. 

Table 4.3 RFETS EU Areas 

Rock Creek Drainage 735 
Wesl Area 468 . 
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a Table 4.4 Time-Weighted Average Activity Areas for WRWs 

Time-Weighted Average Activity 
Areas for Refuge Workersa 

All Workers 

Workers Spending > 50% 
Time Outdoors 

a. Calculated from original survey data from: Table B.2-14 (RMA IEA/RC Appendix B, 8/93) (reported times at 
middle and higher activities, outdoors) and from Table B.2 att 2- I ,2,3,4,5,& 6 (RMA IENRC Appendix B, 
2/15/94) (rcported times doing specific tasks). 
Survey was performed by Shell for the Army's Baseline R.isk Assessment for the RMA. WRWs from Malheur, 
Oregon (M), Minnesota Valley, MN (MV) and Crab Orchard, IL (CO) WRWs were included i n  the survey. 
Carl Spreng and Diane Niedzwiecki of CDPHE then exercised professional judgment to decide land area for each 
task. 

Co nip lia r z c e with R F C A K E  R CLA R equ irern erzts 

Under CERCLA, it must be shown that risks for expected land uses at the Site fall within the 
acceptable range of 1 x cancer risks and below a hazard index (HI) of 1 for 
noncarcinogenic effects. The assessments for the EUs will present a comprehensive 
evaluation of long-term risks to the designated receptors across the Site. These results will 
provide estimates of residual risks from the Site following accelerated actions. 

to 1 x 

4.2.2 Exposure Units for the Wildlife Refuge Worker . 

As discussed above, EUs for the WRW? shown 011 Figure 4. I ,  incorporate information on 
c o ri I am i n a ti t re I e x e s  ;I t i  d \v at e rs lied and d r ai n age fea i.u res ~ an d a re bas ecl o 11 a ti I i c i pa tecl 
activity patteim. These EUs form the basis for the ;issessiiient of risks to the anticipated 
major receptor i n  the CRA, recognize distinct areas of cotitiitiiination? atid suppotl land use 
p I an n i 11 g . 
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The assessments for the EUs represent the risks a worker will encounter in discharging his or 
her duties across the.Site. The nature of the work involves movement over the entire Site. 
Therefore, relatively small EUs do not represent true estimates of long-term risks to the 
worker. However, due to the nature of the distribution of residual contamination across the 
Site, some areas represent a greater risk to the worker. The EU assessments address this 
concern by representing functional areas in which the WRW will randomly contact the areas 
of greater risk. The EU assessments will provide a realistic evaluation of long-term risks at 
the Site. 

The HHRA flow for each EU is given below. The flow for the ERA is provided in Section 
7.0. 

1 .  

2. 

The areas of the EUs are set forth i n  this Methodology. 

All surface soil, sediment, subsurface soil, and surface water sampling locations will 
be included for each EU for the WRW scenario. 

3. A DQA will be performed on the samples in each EU to ensure that the data within 
each are of sufficient quantity and quality to perform a risk assessment. 

The COC selection process will be applied to surface soil, sediments, and subsurface 
soil to a depth of 8 feet, the estimated depth of potential disturbance. 

Soil below 8 feet in depth will be qualitatively evaluated. 

4. 

5 .  

6 .  Data will be aggregated by EU and risks will be characterized. 

4.2.3 

The refuge visitor is envisioned as participating in a variety of activities at the wildlife 
refuge. The visitor may be under the guidance and oversight of a WRW. Therefore, the 
same EUs will be applied to assess risks to the WRV as for the WRW. 

The risk assessment flow for each WRV EU is given below: 

Exposure Units for the Wildlife Refuge Visitor 

I .  The EUs are set forth in  this Methodology 

2. All surface soil and sediment sampling locations in each EU will be included for the 
WRV scenario. 

3.  

4. 

Surface soil and sediments will be combined for the COC selection process. 

A DQA will be performed on the samples i n  each EU to ensure that the data within 
each are of sufficient quantity and quality to perform ii risk assessment. 

Data will be aggregated by EU and risks will be characterized. 5 .  

4.3 

A nnl ytica I I-esii Its from sa ni pI i ng a ntl conl.am i tia ti I co nce ti t rat ions est i mated fro ti1 transport 
mockling t h a t  meet the DQO and DQA, reqLtirements will be iised to estimate human health 
risks on ;it1 E U  basis (Section 4.2). The types of data aggregation to be performed 1'01. the 
I-II-IRA are outlined i n  Table 4.5. Data for surface soil, subsurface soil, kind sediments will be 

Data Aggregation for Risk Assessment 
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Media Data Aggregated by EU? 

Surfacc Soil and Sediment Yes 

Subsurface Soil Yes 

Surface Soil and Sediment Yes 

Subsurface Soil No 

aggregated on an EU basis to estimate exposure concentrations and'intakes to perform the 
CRA. 

4.4 

COCs will be selected for each media and identified on an EU basis. The COC selection 
process is specific to the CRA and differs somewhat from that used in the determination of 
accelerated actions due to human health concerns. COCs will be determined for each 
individual EU because historical use of chemicals varied across the Site. The COC lists will 
be developed using the WRW PRGs developed for the CRA (Appendix A). Screening-level 
'PRGs have been developed specifically for the CRA for WRW exposure to surface soil, 
subsurface soil, inhalation of volatiles in indoor air, and ingestion of surface water. The 
screening-level PRGs are documented in  Appendix A. The WRW COCs will also be used 
for the WRV scenario. 

Human Health Contaminant of Concern Identification and Selection 

4.4.1 

The selection of COCs will follow the process outlined on Figure 4.4. The process will be 
applied to each EU. Environmental media that will be included in the COC selection process 
are surface soil, sediments, subsurface soil, surface water, and groundwater. 

Selection of Human Health Contaminants of Concern 

4.4.2 Data Quality Assessment 

The DQA will be conducted to assess the quality of reported data as described in Section 
3. I . S .  Data will be assessed on a Sitewide and EU basis, as appropriate, for the risk 
assessment to be performed. Outliers wil 
and eliminated, if appropriate. 

4.4.3 Data Aggregation 

The clata will bc aggregated by area (that 

also be assessed using standard statistical testing I 

s, Sitewide and EU), media (for example, surface 
soil), and nnalyte prior to initiation of the DQA and COC screening processes. A value of 
one-halt the reported value will be used for all U-qualified (nondetects) inorganic and 
organic c l a t a  (EPA 1989). This does not apply to radionuclicles, for which reporled values 
\vi11 be used i n  all cases. A summary presentation of'the data will include: 0 
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Figure 4.4 Human Health CRA COC Selection Process 

PCOC Selection 
Filter data set by media 
Perform DQA screen 
Calculate PCOC Statistics.Mean. maximum. SD. n. Yn detects 

Compare to PRGs 
HQ=O. 1 Risk=lE-06 b 

No Background Comparison 
Step 3: Is the PCOC > b 
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4.4.4 

Chemical name; 

Cheinical Abstract Service (CAS) number; 

Chemical-specific, contract-required quantitation limit (CRQL); 

Reported detect ion I i mi t ; 

Number of samples; 

Frequency of detection; 

Mini mum detected concentration; 

Maximum detected concentration; 

Arithmetic mean concentration; and 

Standard deviation. 

Elimination of Essential NutrientsMajor Cations and Anions 

Intakes calculated based on maximum concentrations of essential nutrients in soil and 
sediment samples that have no toxicity values will be compared to daily reference intakes 
(DRIs) and upper limit daily nutrient intakes (ULs) in accordance with EPA guidance (1989). 
All essential nutrients that fall within the range of recommended or maximum daily intakes 
(NAS 2000, 2002) will be eliminatcd from further consideration in the CRA. 

Nitrate, nitrite, ammonium, and fluoride have oral toxicological factors and will be assessed 
in  the sixface water screen. Nitrate will also be assessed in soil, due to its presence in 
groundwater. Sulfide, bicarbonate, bromide, carbonate, chloride, orthophosphate, and sulfate 
have no toxicological factors and will be eliminatcd from assessments in soil and sediments. 

4.4.5 Preliminary Remediation Goals Screen 

All remaining potential containinants of concern (PCOCs) will be screened against the 
screening-level WRW PRGs presented in Ap endix A for the appropriate media using a 
hazard quotient (HQ) of 0.1 or risk of 1 x 10- . All PCOCs with maximum values and upper 
confidence limits on the means (UCLs) below the WRW PRGs will be eliminated for an EU. 
The UCL calculations are described in Section 4.4.7. The PRG ratios for each PCOC will be 
presented i n  tables. 

f! 

4.4.6 Detection Frequency Filter 

Compounds derected at a frequency of 5 percent or greater will be carried through the COC 
selection process. Compounds detected at less than 5 percent frequency are not considered 
characteristic of Site contamination and the potential for exposure is low. 

All analytes with' less than 5 pe.rcent detection frequency will be compared with 30 times the 
Site PRGs ;IS a liealtli-protecti\~e precaution documented i n  the IABZSAP) (DOE 2004a) 
(referred to ;IS 3 times [lie action level). I f  the maximum detected value of an infrequently 
detecled conlaminant (less lhan  5 percent) exceeds the screening value, i t  will be carried 
through the COC screening process. 

. 
. 

\ 
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4.4.7 Data Distribution Testing 

Data distribution testing will be performed for all PCOCs retained following the PRG and 
frequency screens to aid in deciding the statistical test to use for comparisons to background 
and calculation of the EPCs. Testing will be conducted following EPA guidance (EPA 
2002a) and EPA QA/G-9 methods (EPA 2000b), using the ProUCL (Version 3.0) computer 
program (Singh et al. 2004) developed for EPA’s Office of Research and Development. 
ProUCL tests to determine whether data sets have normal, lognormal, or gamma distributions 
and then computes a conservative and stable upper confidence level (UCL) of the population 
mean. The statistical tests used in ProUCL for determining these data distributions are: 

I 
l 

Shapiro-Wilk W-Test (n < 50); 

Lilliefors Test (n > 50; note: can be used for n < 50 also); 

Anderson-Darling Test for gamma distribution (n < 2,500); 

Kolniogorov-Smirnov Test for gamma distribution (n < 2,500); and 

Q-Q Plots, which are also available for normal, lognormal, or gamma distributions. 

The software computes statistics for the three distributions and recommends the appropriate 
distribution to represent the data set. The software also computes distributions to a minimum 
sample size of four. Distributions for all data sets will be determined as recommended in the 
ProUCL Handbook (Singh et al. 2004). The ProUCL recommendation will be used in all 
cases. Program printouts of results will be presented in the CRA Report. The assigned 
distribution will then be used to determine the appropriate tcst for background comparisons 
and estimate an appropriate UCL of thc incan at a 95 percent leve! (9SUCL) concentration. 

4.4.8 Background Analysis 

Following the determination of data distributions, inorganic and radionuclide PCOCs will be 
compared statistically to background data sets to determine whether the PCOCs are present at 
concentrations above background. 

The background comparison is used to distinguish between contamination associated with 
Site activities and nonanthropogenic (naturally occurring) background conditions. The 
Geochemical Characterization of Background Surface Soils: Background Soils 
Characterization Program, Final Report (DOE 1995a) will be used for the surface soil 
background data. The Background Geochemical Characterization Report (BGCR) (DOE 
1993) will be used for the remaining media types. Background,comparisons will be 
performed i n  accordance with current EPA guidance (2002b). 

For subsurface soil, stream sediment, and stream surface water, the CRA-will use rnost of the 
BGCR sample locations. Based on the consultative process with the agencies, data for three 
downstreani sampling locations will be removed from the BGCR background data set; 
SW004/SED022 mci SW 10S/SED02 1 i n  the Rock Creek drainage, a i d  
SW04I/SED04 I/SED017 i n  the Woman Creek drainaSe (Figure 4.5). Because only sediment 
and suifiice watcr data for streams, ;ind not seeps, are ~ised for backgl.ound data, SEDO IS, 
SEDO I9? :itid SW I3 I i n  [he Antelope Springs area of the Woman Creek clrainage were also 
iwiiovecl bec~iuse these sainpl ing locations iire mociatecl with seeps. 
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For all remaining BGCR background sampling locations, all BGCR data will be used as well 
as all data collected through 2004 at these locations (applicable to surface water and sediment 
sampl i ng). 

In determining COCs and Ecological Contaminants of Potential Concern (ECOPCs), EU and 
AEU data will be statistically compared to the appropriate background data set to determine 
if the analytes are at concentrations within background levels in the EU/AEU. Before 
performing the statistical comparison, background data for locations within an EU/AEU will 
be removed from the EU/AEU data set, as appropriate. 

The statistical test chosen for a particular PCOC depends on the distributions of the PCOC 
and background data. Either parametric or nonparametric tests can be used, although neither 
works well with small data sets of less than 25 samples (EPA 2002b). The Wilcoxon (also 
known as Mann-Whitney) Rank Sum Test is useful when Site and background data have 
different assigned distributions or are both nonparametric (that is, neither normally nor 
lognormally distributed). If Site and background data have the same normal or lognormal 
distributions, a Student’s t-test can be used to compare PCOCs to background. Lognormal 
data are log-transformed prior to conducting a standard t-test. Evaluation of 95 percent 
confidence intervals for Site and background data can also be useful. Overlap of 95, percent 
confidence intervals indicates the Site data are within the range of natural background. 

If concentrations for a particular PCOC are found to be significantly greater (alpha = 0.1, 
when applicable) than background levels, the PCOC will be retained for further 
consideration. Following the background comparison, professional judgment will be applied, 
as described i n  the next section. 

4.4.9 Professional Judgment 

Professional judgment is also used to include or exclude a PCOC from the final COC list. A 
PCOC that has been previously eliminated may be included because of a preponderance .of 
historical data suggesting the chemical may have been released i n  significant quantities to the 
environment. Professional judgment can also be applied to develop a weight-of-evidence 
argument to exclude a PCOC based on data assessment, or spatial, temporal, or pattern- 
recognition concepts. All such decisions will be documented i n  the CRA Report. 

Data assessment includes an evaluation of laboratory and validation qualifiers. Spatial 
analysis requires that concentrations of each PCOC be plotted on a map; assessment of the 
plotted data should indicate their presence (or absence) or any spatial or temporal trends in 
concentration, aiid assist i n  delimiting hot spots. 

Temporal analysis is particularly relevant for groundwater data, where repeated sampling at a 
well offers the opportunity to evaluate changes i n  analyte concentrations over time. Time- 
series plots are used for this evaluation. Temporal analysis of data for sediments or other 
geologic materials i s  less useful and may not evei; be applicable. 

Pattern recognition includes: 

Similarities in  zeochetnical behavior; 

Interel emen t correl at i o ti s; 
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Correlations between elemental concentrations and certain parameters such as total 
suspended solids (TSS), the negative logarithm of the hydrogen ion activity (pH), 
reduction -0 x i cl a t 1 o 11 po Le n t i al (standard rcdu c t i o n pot en t i al [ vo 1 ts] [E h] or nega t i ve 
logarithm of the electron activity [Pel, where Eh=0.059 Pe), clay content, organic 
content, cation-exchange capacity, and so forth; and 

Other recognizable patterns in elemental behavior. 

Professional judgment will be applied on a case-by-case basis. All such judgment will be 
suppqrted by a thorough analysis of the available evidence. Documentation, including maps, 
figures, and references supporting the professional judgment, will be presented. 

4.4.10 Presentation of Contaminants of Concern 

The COC selection process will be documented in tables, such as Table 4.6, which will 
summarize the data for each analyte chosen as a COC in each medium. 

Table 4.6 Rationale for Selecting COCs 

4.5 Pathway Significance Evaluations 

Two pathways for the WRW are currently considered to have insignificant contributions to 
risk: 

1.  Ingestion of contaminants transported from groundwater to surface water; and 

2. Inhalation o i  contaminants volatilizing From groundwater and soil outside the ICA. 

Evaluations will be completed to ensure that the designation as insignificant is appropriate. 
The eval ua t i o n s are clesc 1. i bed be I ow. 

4.5. I 

I n  the W R W  scenario, the ivoikr is poteiitially esposecl to contaminants in.surface water by 
ingestion w ti i I e w oik i n 2, T 11 i s p i t h  \v ;i y is c u i x n  t I y cons i clerecl i n s i gn i fi can t . If con tam i 11 ants 
known io be pi.esent i n  grounciwatei. ;ire tixisportecl to sui.face water i n  sufficient 

- 

Groundwater- to-S 11 r face Water Pat ti way 
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concentrations, this pathway could become a significant contributor to risk. The results of 
groundwater transport modeling will address this issue. Groundwater modeling for the Site 
is being conducted for a variety of purposes, one of which is to support the CRA. The 
objective of the.transport modeling in support of the CRA is to simulate transport of 
contaminants from groundwater to surface water, and estimate future exposure 
concentrations in  surface water for potential on-site receptors. A subsurface water transport 
model is under development to estimate surface water concentrations for the analytes 
selected by a screening procedure, using surface water PRGs developed for WRW (Appendix 
A) and ecological receptor (DOE et al. 1996 [as modified]) exposures to surface water. 

The estimated and/or observed concentrations at select surface water locations will be 
subjected to the COC selection process in  the CRA. Results will be used to estimate 
potential human health or ecological effects from surface water concentrations resulting from 
the transport of contaminants currently in groundwater. The transport model will be 
calibrated using available information on contaminant sources, current contaminant 
distributions, and historical concentrations over time. DQOs for the modeling effort will 
accompany its documentation. 

\ 

4.5.2 Groundwater/Subsurface Soil-to-Air Pathway 

In the WRW scenario, the worker is potentially exposed to contaminants in groundwater that 
volatilize and are transported through the soil and released to the atmosphere, where they can 
be inhaled by the worker. Exposure to volatilized contaminants can occur indoors or 
outdoors. These pathways are both currently considered insignificant. The indoor route is 
considered ii greatercontributoi- to risk due to inhibited air exchange i n  buildings. If 
contaminants known to be present i n  groundwater are transported to the soil surface and then 
to the atmosphere in sufficient concentrations, the indoor pathway could become a significant 
contributor to risk: The groundwater/subsurface soil air pathway for volatiles will be 
assessed using the PRGs presented in Appendix A.. 

4.6 
The EPC of a human health COC i n  a sampled medium is often quantified using the 95UCL 
of the arithmetic mean (EPA 1989). This approach ignores any sampling bias toward areas 
of known or suspected contamination and treats the data as if they were randomly collected. 
At RFETS, the majority of the sampling effort has targeted IHSSs, PACs and other areas 
with suspected releases. This unequal sampling density is not compatible with the problem 
statement in Section 3. I .  I , which states that long-term average exposures in an EU must be 
estimated. 'In areas with biased sampling the arithmetic mean is a worst-case or upper-bound 
estimate of risk. Therefore, a three-tiered approach, as presented below, will be used to 
calculate EPCs for the HHRA. In t h k  first tier, EPCs will be calculated without correcting 
for sampling bias, bur the subsequent evaluations will use Geospatial techniques that can be 
used to correct for such bias. 

1 

Exposure Point Concentrations and Intakes 

Tier I : Mean Concentrations - .The arithmetic mean is a statisiically robust estimator, even 
when normality ;issumptions are no[ met (Gilbert 19S7). The 9SUCL is a conservative 
estimate of the average concentration to which receprors would be exposed over time i n  an 
exposure area. If the n i a x i m u m  detected COC value is below the 95UCL, the m a x i m u m  
concentration is used as the EPC. When clatn distributions are demonstratecl to be lognormal, 
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an arithmetic mean and 95UCL will be calculated using log-transformed data. When 
distributions are found to be neither normal nor lognormal, a nonparametric 95UCL will be 
calculated (EPA 2002b). 

Tier 2: Area Averaging - The geospatial technique of area averaging will also be uscd to 
provide a more realistic estimate of health risks and hazards. This approach is simple and 
easy to implement and will very likely yield much more realistic estimates of the true mean, 
and i t  is expected that 95UCLs generated in this way will minimize the risk of Type I errors. 

The Tier 2 approach will be implemented in four steps for the HHRA: 

1 .  A 30-acre grid will be randomly laid over the Site or EU. 

2. The mean value will be calculated for each 30-acre cell, using all relevant samples from 
within the cell. For nondetects, one-half the reported result will be used as a proxy value 
for calculating the mean. 

3. The grid means will be used to calculate the best estimate of the mean for the EU as an 
area-weighted average. If no sample occurs in  a grid cell, then that cell is not used in the 
calculation and its area is taken out of the total area of the EU for the area weighting of 
the mean. 

4. The uncertainty around the best estimate of the mean will be estimated using the same 
method as for Tier 1 .  The 95UCL of the EU area-weighted mean will be used as the 
EPC. 

Tier 3: Kriging - This geostatistical method, developed for the mining industry, is a more 
robust and statistically valid approach for estimating values and uncertainty around key 
statistics (mean, 90th percentile) than area averaging. Kriging can accurately account for the 
uneven spatial distribution of samples. However, various parameters developed for a specific 
application are subject to debate among experts. Therefore, this approach will be 
implemented only as needed after an initial analysis using Tiers 1 and 2. 

4.6.1 Exposure Point Concentration Calculation 

The one-sided 95UCL will be calculated using the ProUCL software. When a data set is 
determined to be parametrically distributed (nortnal, lognorma1,'or gamma), the program uses 

. one of five parametric computation methods for estimating the UCL: 

. 1 .  Student's-t UCL (normal distribution); 

2. Land's-H UCL (lognormal distribution); 

3. Chebyshev inequality-based UCL (using minimum variance and unbiased estimates of 
parameters of a lognorinal distribution); 

4. Appro x i i i i  ate gain in a UCL i i  s i n g the chi-square q i  prox i tnati o,n (gamma distribution ) ; and 

5 .  Adjusted g i n m a  UCL (adjusted For level of significance). 

PI-OUCL incIudes I O  methods for cornputation of UCLs when a data  set is determined to have 
a no ti para ti1 et 1.i c d i s t r i bu ti o n . The 13 rogix ti1 reco m me ti cl s the appro p i  ate UCL to choose 
based on the characteristics of the data set. The available methods include: 
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1 .  Central limit theorem-based UCL; 

2. Modified-t statistic-based UCL; 

3. Adjusted central l imi t  theorem-based UCL (adjusted for skewness); 

4. Chebyshev inequality-based UCL (using the sample mean and sample standard 
deviation); 

5 .  Jackknife method-based UCL; 

6. Standard bootstrap-based UCL; 

7. Percentile-based UCL; 

8. Bias-corrected accelerated bootstrap-based UCL; 

9. Bootstrap-t-based UCL; and 

10. Hall’s bootstrap-based UCL. 

EPCs will be estimated at human receptor locations for all pertinent environmental media, 
including surface and subsurface soil and sediment. The physical, chemical, and 
hydrogeologic characteristics of the Site must therefore be adequately understood. Steady- 
state conditions will be assumed for EPCs based on direct environmental monitoring data or 
modeling, if appropriate. Effects of dilution, dispersion, source-term depletion, erosion, 
biodegradation, and sorption on quantification of the EPCs will be addressed i n  the 
uncertainty section of the CRA. EPCs will be estimated to predict long-term averages and 
impacts to receptors. 

4.6.2 Intake Calculations 

Intake by receptors will be quantified for each selected COC, exposure pathway, and 
exposure scenario. Exposure factors reported in Section 4.1 will be used in the CRA. Intake 
in units of mglkg per day will be calculated for all receptors exposed to ingestion, dermal, 
and inhalation pathways using the general formulas below. Radiological intake in units of 
picocuries (pCi) will be assessed using the standard EPA formulas. External radionuclide 
exposure is calculated in  units of years per picocurie per gram (yrlpcilg). 

The equations for calculating intakes for the WRW and WRV are provided in Tables 4.7 and 
4.8, respectively. The abbreviations and specific values used for the exposure factors are 
defincd in Tables 4. I and 4.2. 

Intakes are averaged over different time periods for carcinogenic and noncarcinogenic 
chemicals. For carcinogens, intakes are calculated by averaging the total cumulative dose 
during the exposure period over a lifetime, yielding a “lifetime average daily intake” (EPA 
1989). For noncarcinogenic chemicals, intakes are calculated by ave’l-aging over the period 
of exposure to yield an average daily intake. Different averaging times are used foi- 
carcinogens and noncarcinogens because their effects occui‘ by cli f’ferenl niechailisms. The 
approach for carcinogens is based 011 [he hypothesis that ;I high close received over 21 short 
period of time is equivalent lo a corresponding low dose spi-e;td over a lifetime. The inrake 
of a carcinogen is averaged over ;I 70-year Iiletime I-egaidless o f  esposui~e duration. 
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e For calculation of radionuclide intakes from soil, thd exposure concentration is expressed in 
picocuries per grain (pCi/g), 'and the expression is not divided by body weight or averaging 
time. The resulting intake for radionuclides is expressed i n  pCi. 

Table 4.7 Intake Equations for the WRW 
~~~ ~~ ~ 

\Yildlife Refuge Worker' 

Surface Soil and Sediment Intake Equations 
~~ ~~ ~ 

Intake Equations for WRW Ingestion 
Nonradionuclide Intake (mg/kg-day) = /Cs x Irwss x Efwss x Edw x CFl )  

Radionuclide Intake ( ~ C I )  = Cs x Irwss x Efwss x Edw x CF3 
(Bwa x [Atc or AtncIb) 

Intake Equation for WRW Dermal Contact 
Nonradionuclide Intake (rng/kg-day) = (Cs x Efwss x Edw x Evw x Saw x Afw x ABS x CFl )  

(Bwa x [Atc or AtncIb) 
Intake Equations for WRW Outdoor Inhalation of Suspendcd Particulates 

Nonradionuclide Intake (rng/kg-day) = (Cs x Iraw x Efwss x Edw x Etw x Eto w x MLF) 
(B wa x [Atc or Atncf') 

Radionuclide Intake ( ~ C I )  = Cs x Iraw x Efwss x Edw x Etw x EIo-w x MLF x CF2 
Intake Equations for WRW Indoor Inhalation of Suspended Particulates 

Nonradionuclide Intake (mg/kg-day) =ICs  x Iraw x Efwss x Edw x Etw x Et1 w x Dfi x MLF) 

Radionuclide Intake (pCi) = Cs x Iraw x Efwss x Edw x Etw x Eti-w x Dfi x MLF x CF2 

Exposure Equation for WRW Qutdoor External Radiation 

(Bwa x [Atc or AtncIb) 

i Radionuclide Exposure (yr-pCi/g) = Cs x Te-A x Tc-Do x Etlw x ACF x GSFo 
~ ~~ 

I ExDosure Eauation lor WRW Indoor External Radiation 

I Radionuclide Exposure (yr-pCilg) = Cs x Te-A x Te-Di x Edw x ACF x CSFi 

I Subsurface Soil Intake Equations 
Intake Equations for WRW Ingcstion 

Nonradionuclide Intake (mg/kg-day) = (Cs x Irwss x Efwsub x Edw x CFl )  

Radionuclide Intake (DCi) = Cs x Irwss x Efwsub x Edw x CF3 
(Bwa x [ Atc or AtncIb) 

Intake Equation for WRW Dermal Contact 
Nonradionuclide Intake (mg/kg-day) = (Cs x Elwsub x Edw x Evw x Saw x Alw x ABS x CFl )  

(Bwa x [Atc 01- AtncIb) 
Intake Equations for WRW Outdoor Inhalation of Suspended Particulates 

Nonradionuclide Intake (mg/kg-day) = ICs x Iraw x Efwsub x Edw x Etw x Eto w x MLF) 
(Bwa x [Atc or AtncIb). 

Radionuclide Intake (pCi) = Cs x Iraw x Elwsub x Edw x Etw x Eto-w x MLF x CF2 

Exposure Equation for WRW Outdoo7- External Radiation 

Radionuclide Exposure (yr-pCilg) = Cs x Tc-As x 're-Do x Edw x ACF x GSFo 
I 

a. Delini~ions of abbreviations can be found . i n  Table 4. I .  
I>. Carcinogenic or noncarcinogenic nvcraging times (Ate and Atnc: rcspeclively) are iisccl i n  cquations, 
clepending on whether carcinogenic or ~ in i i c~~rc i~ io~c~ i iC  intakes :ire bcing calculatccl. 
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Wildlife Refuge Visitor" 
Intake Equations for WRV Ingestion of Soil 

Nonradionuclidc Intake (mg/kg-day) =ICs  x SIRaaeav x Efv x CFQ 

Radionuclide Intake ( ~ C I )  = Cs x SIRagav-r x Efv x Edt x CF3 units 
[Atc or Atiic]" 

I Intake Equation for WRV Derinal Contact with Soil I 
I Nonradionuclide Intake (nig/kg-day) = ICs x Efv x Evv x SFSagav x ABS YCFl )  I 

[Atc or AtncIb 
Intake Equations for WRV Inhalation of Surface Soil 

Nonradionuclide Intake (mg/kg-day) = (Cs x Iragav x Efv x MLF) 

Radionuclide Intake (pCi) = Cs x Iragav-r x Efv x (Edav + Edcv) x Etv x MLF x CF2 

Exposure Equation for WRV Extcrnal Radiation from Surface Soil 

[Atc or AtncIb 

- 

Radionuclide Intake (yti-pcilg) = Cs x Te-Av x Te-Dv x ACF x GSFo x (Edav + Edcv) 
a. Definitions of abbreviations can be found i n  Table 4.2. 
b. Carcinogenic or noncarcinogenic averaging times (Atc and Atnc, respectively) are used in equations, 
depending on whether carcinogcnic or noncarcinogenic intakes are being calculated. 

5.0 HUMAN HEALTH TOXICITY ASSESSMENT 

Actions: Determine toxicily values and modes of action and endpoints for PCOCs. 

Toxicity values are used to characterize risk, while toxicity profiles summarize toxicological 
information for radioactive and nonradioactive COCs. Toxicity information is summarized 
for two categories of potential effects: noncarcinogenic and carcinogenic. These two 
categories have slightly differing methodologies for estimating potential health risks 
associated with exposures to carcinogens and noncarcinogens. 

In general, toxicity profiles are obtained from EPA's Integrated Risk Information System 
(IRIS) (EPA 2004a). IRIS contains only those toxicity values that have been verified and 
undergone extensive peer review by EPA's Reference Dose or Carcinogenic Risk 
Assessment Verification Endeavor (CRAVE) Workgroups. The IRIS database is updated 
monthly and supersedes all other sources of toxicity information. 

The CRA generally uses the recommended hierarchy of loxicological sources of inforination 
recommencieci by EPA (EPA 2003a). The recommendecl toxicity value hierarchy is as 
fo I I ows : ' 

Tier. I - EPA's IRIS (EPA 200421) 

Tier 2 - EPA's Provisional Peer Reviewed Toxicity VaI~ies (PPRTVs) -The Office 
of Research and Developiiienl/National Center lor Eii\iii-oniiientaI Assessment 
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(NCEA)/Superfund Health Risk Technical Support Center (STSC) develops PPRTVs 
on a chemical-specific basis when requested by EPA’s Superfund program. 

Tier 3 - Other Toxicity Values - Tier 3 includes additional EPA and non-EPA 
sources of toxicity information. Priority is given to those sources of information that 
are the  most current, the basis for which is transparent and publicly available, and 
which have been peer reviewed. Consensus will be sought on all toxicity values used 
in the CRA. 

Secondary sources of information will be used qualitatively in  the HHRA. EPA 
toxicologists, both regional and national, may also serve as information sources. All 
information sources will be documented in the toxicity assessment. In general, the toxicity 
factors used for the Site PRGs will be used in the CRA, unless updates become available. 

5.1 Identification of Toxicity Values for Carcinogenic Effects 

Potential carcinogenic risks will be expressed as an estimated probability that an individual 
might develop cancer from lifetime exposure. This probability is based on projected intakes 
and chemical-specific dose-response data called “cancer slope factors (CSFs).” CSFs and the 

increinental risk that an individual exposed to that compound may develop cancer. There are 
two classes of potential carcinogens: chemical carcinogens and radionuclides. 

, estimated daily intake of a compound, averaged over a lifetime, are used to estimate the 

5.1.1 Chemical Carcinogens 

Evidence of chemical carcinogenicity originates primarily from two soiirces: lifetime studies 
with laboratory animals and human (epidemiological) studies. Animal data from laboratory 
experiments represent the primary basis for the extrapolation for most chemical carcinogens. 
Experimental results are extrapolated across species (that is, fi-om laboratory animals to 
humans); from high-dose regions (that is, levels to which laboratory animals at-e exposed) to 
low-dose regions (that is, levels to which humans are likely to be exposed i n  the 
environment); and across routes of administration (for example, inhalation versus ingestion). 

EPA estimates human cancer risks associated with exposure to chemical carcinogens on an 
administered-dose basis. It is assumed a small number of molecular events can evoke 
changes i n  a single cell that can lead to uncontrolled cellular proliferation and tumor 
induction. This mechanism for carcinogenesis means there is theoretically no level of 
exposure to a given chemical carcinogen that does not pose a small, but finite, probability of 
generating a carcinogenic response. 

The CSFs are estimated using the linearized multistage model. The basis of this model is 
that multiple events may be needed to yield tumor induction (Crump et al. 1977) reflecting 
the biological variability in tumor frequencies observed i n  animal and Iiuman studies. The 
dose-response relationship predicted by this model at low doses is essentially linear. The 
CSFs calculated for notiradiological carcinogens using the multistage model represent the 
95UCL of the probability of a carcinogenic response. Consequently, risk estimates based on 
these CSFs are conservative estimates representing upper-bound esrimares of’ risk. 

Uncertainties in  the toxicity assessmenl for chemical carcinogens are dealr with by 
classifying each chemical inio one of’several groups? according lo the EPA-defined, weight- 
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of-evidence (WOE) from epidemiological studies and animal studies. These groups are 
listed in  Table 5 .  I .  

Evidence 

I B 1  

Table 5.1 Carcinogen Groups 

Description 

Huiiian carcinogen (sufficient evidence of carcinogenicity in  huinans) 

Probable human carcinogen (sufficient evidence of carcinogenicity in animals, limited 
evidence of carcinogenicity i n  humans) 

Probable human carcinogen (sufficient evidence of carcinogenicity in animals with 
inadequate or lack of evidence in humans) 
Possible human carcinogen (limited evidence of carcinogenicity in  animals and 
inadequate or lack of human data) 
Not classifiable as to human carcinogenicity (inadequate or no evidence) 
Evidence of noncai-cinogenicity in humans (no evidence of carcinogenicity i n  adequaie 
studies) 

The oral and inhalation CSFs for the COCs will be compiled in a table. Table 5.2 presents the 
current CSFs used for calculation of the PRGs. The WOE designations and target organs are 
also included. These values will be used i n  the CRA risk characterization. A similar table of 
values will be included in the CRA for COCs: 

5.1.2 Radionuclides 

A series of federal guidance documents have been issued by EPA for the purpose of 
providing federal and state agencies with technical inforniation to assist their implementation 
of radiation protection programs. The Health Effects Assessment Summary Tables (HEAST) 
for Radionuclides (EPA 200 1 a) provides numerical factors, called “risk coefficients,” for 
estimating risks to health from exposure to radionuclides. This federal guidance will be used 
to calculate risk from radionuclides. It applies state-of-the-art methods and models that take 
into account age and gender dependence on intake, metabolism, dosimetry, radiogenic risk, 
and competing causes of death i n  estimating the risks to health from internal or external 
exposure to radionuclides. 

A morbidity risk coefficient is provided for a given radionuclide and exposure mode. This 
coefficient is an estimate of the average total risk of experiencing a radiogenic cancer, 
regardless of whether the cancer is fatal. The risk coefficient associated with morbidity will 
be used to characterize human health risks. Current values used are shown in’Table 5.3. 
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs 

S6-55-3 7.30E-0 1 P 

SO-32-8 7.30E+00 I 

'205-99-2 7.30E-0 I P 

I9 1-24-2 

8 2  Tumors A 

3 IOE-01 P B2 Tumors A 

I Lungs, skin B2 

Inhalation Inhalation 
Unit Risk Source Slope Factor Source Target OrgadCancer Source Weight of 

Evidence 
(m'lpe) (mg/kg-day)" 

D I 

6.80E-05 I 2.38E-0 1 I BI , Brain, spinal cord, stomach, lungs I 

D I 

4.90E-03 I I .72E+OI I 8 2  Liver I 
I t I I I 

D NC I 
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Table 

Analyte List 

Bcnzo( k )  I1 ti or:int Ilene 

Benzoic Acid (at pH 7) 

Bcnzyl Alcohol 

Bcrvlliuin 

bis( 2-cliloroctliyl)etlirr 

bis(2-cliloroisopropvl)etlicr 

bis(2-etl iylhex~~l)ph~Iialaie 

Boron 
B r[,iiiodichloroiiietli:ine 

B romol'orm 

Broniomethane (methyl bromide)- 

2-13utanone (methyl ethyl ketone) 

H utylbenzylphthala~e 

Caitmiuin (food) 

C:iilmi i i i n  (\vnter) 

Carbazole 

Carbol'uran 

Cai boil disullide 

Carbon ierrnchloi-itlc 

Ch IOrd:IIlc-al pha 

CllIurcl:lnc-~~lnlIIln 

Cliloi-tlnnc-bcl:i 

4-Cliloroanilinc 

Chlorobcnz~llc 

Chloruerhane (ethyl chloridc) 

ci1iororor111 

Chlorolnethant: (inethyl chloride) 

J-Cliloro-3-1netlivIph~1iol 

2-Cliloron:iplitlialriie 

2-Chlorophenol 

5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Ta'rget Organs 
CAS OraVIngestion Inhalation Inhalation Weight of 

Numher Evidence 
Slope Factor Source. Unit Risk Source Slope Factor Source Target OrgadCancer Source 
(niglkg-da y ) '  (m'/pg) (nig/kg-day)" 

207-08-9 7.30E-02 P B2 Lungs. skin 1 

65-85-0 D .  NC I 

7440-4 1-7 2.40E-03 I 8.40E+00 I B I  Lungs I 

I 11-44-4 I .  I OE+OO I 3.30E-04 1 I. 16E+00 I B2 Liver I 

108-60- I 7.00E-02 H 1.00E-05 H 3.5OE-02 H D Liver R 

100-5 1-6 

117-81-7 I .40E-02 I I .40E-02 P B2 Liver I 

75-27-4 6.20E-02 1 B2 Liver, kidneys, and intestines ' R  

75-25-2 7.9E-03 I 1 . 1  OE-06 I 3 ME-03 I B2 Intestines I 
74-83-9 D NC I 

78-93-3 D NC I 

85-68-7 C Leukemia I 

7440-43-9 I.80E-03 I 6.30E+00 I BI  Lung, trachea, bronchus I 

- ~ _ _ _ _ . _ _ _ ~  I Lung, trachea, bronchus 7440-43-9 1.80E-03 I 6.30E+00 I BI 

86-74-8 2.00E-02 H D NC R 

' 7440-42-8 

< 

~~ 

1563-66-2 

75- 15-0 
A _ .  

S6-23-5 I .30E-0 I I 1.5OE-05 I 5.25E-02 I 8 2  Liver I 

5 103-7 1-9 3.50E-01 Ib I.OOE-04 Ib 3.50E-01 Ib B2 Li ver I 

5 103-74-2 3.SOE-0 I Ib 1.00E-04 Ib 3.50E-01 Ib 8 2  Liver I 
12789-03-6 3.50E-01 ' Ih I.OOE-04 Ib 3.50E-01 Ib B2 Liver I 

108-90-7 D NC I 

75-00-3 2.90E-03 P D NC R 

67-66-3 2.3 OE- OS I 8.05E-02 I B2 Liver I 
74-87-3 D NC I 

106-47-8 
c 

59-50-7 

9 1-58-7 

95-57-8 
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs 

Analvte List 

ibcnzo(n,li)nntIi~acene 
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs 

'45 

Source 

A 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs 

Analvte List 
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs 

Analvte List 

47 

Source 

I 

OR 
I 



0 

Tir:iniurn 

Toluene 

1'0s aphenr 

I .2.L1-1'I.iclilol.obrnzciir 

I . I .  I -Tricliloroellianr 

Fiiial Compreherisive Risk Assessineiit Work Plari arid Metlzodology 

7440-32-6 

108-88-3 D NC 1 

8001 -35-2 I . I OE+OO I 3.20E-04 I I .  12E+00 I 82 Liver and thyroid gland I 

120-82- I D NC I 

7 1-55-6 D NC I 

(I) 
September 2005 

Revision I 
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Analyte List 

e 

Inhalation CAS OrallIngestion Inhalation 
Nun,her Slope Factor Source Unit Risk Source Slope Factor Source Target OrgadCancer Source Weight of 

(mdkg-day).' (m3/p,g) (mp/kg-day)" Evidence 

September 2005 
Revisiori I 

1'1 = 1992 NCEA values reconurnended by EPA Region 8. I 

Table 5.3 Radiological Toxicity Constants 

a = Values froin IRIS (EPA 2004a) 
b = Values from HEAST for Radionuclides (EPA 2001a) 
c = Values Derived for RSALS (EPA et al. 2002) 

Id= V:ilue is for Endosulfan (technical) 

50 

I 



Final Comprehensive Risk Assessinen1 Work Plan and Methodology September 2005 
Revision I 

5.2 

Potential noncarcinogenic effects will be evaluated in the risk characterization by comparing 
daily intakes (calculated in the exposure assessment) with chronic reference doses (RfDs) 
developed by EPA. A chronic RfD is an estimate (with uncertainty spanning perhaps an 
order of magnitude) of the daily exposure that can be incurred during a lifetime without an 
appreciable risk of a noncarcinogenic effect being incurred i n  human populations, including 
sensitive subgroups (EPA 1989). The RfD is based on the assumption that thresholds exist 
for noncarcinogenic toxic effects (for example, liver or kidney damage). Adverse effects are 
not expected to occur with chronic daily intakes below the RfD value. 

Conversely, if chronic daily intakes exceed this threshold level, there is a potential that some 
adverse noncarcinogenic health effects might be observed in exposed individuals. 

Table 5.4 lists the current values used for calculation of PRGs. The observed effects are also 
listed. These values will be used in’the CRA hazard characterization. A similar table of 
values will be included i n  the CRA for COCs. 

Identification of Toxicity Values for Noncarcinogenic Effects 

5.3 Dermal Exposure to Chemicals 

Because intake from dermal contact is estimated as an absorbed dose, EPA recommends 
using oral toxicity factors, adjusted if possible by a gastrointestinal absorption fraction, to 
evaluate toxic effects from dermal contact with potentially contaminated media (EPA 1989, 
I992c, 200 1 b). The oral toxicity factor relates the toxic response to an administered intake 
dose of contaminant, which may be only partially absorbed by the body. When specific 
gastrointestinal absorption rales are not available, gastrointestinal absorption is assumed to be 
100 percent and the unadjusted oral toxicity factor is used to assess the response to dermal 
absorption. Adjustments will be made to the oral toxicity factors in Tables 5.2 and 5.3 for 
assessing dermal exposures in the CRA. The values for the adjusted factors and the rationale 
will be presented i n  the CRA. 

5.4 Identification of Radionuclide Dose Conversion Factors 

Dose coefficients will be delineated according to federal guidance (EPA 1988, 1993). Dose 
coefficients will be tabulated for the committed effective dose equivalent to tissues of the 
body per unit  activity of inhaled or ingested radionuclides. The guidelines were derived to be 
consistent with current federal radiation protection guidance. The guidelines are intended to 
serve as the basis for setting upper bounds on the inhalation and ingestion of, and submersion 
in,  radioactive materials in the workplace. The guidance also includes tables of exposure-to- 
dose conversion factors for general use i n  assessing average individual committed doses i n  
any population adequately characterized by “Reference Man” (ICRP 1975). 
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4llll lnollv 

r\10ilUi 1010 
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AioLlor 1232 

Aio i l u r  1242 

Aioclor 124s 

AioLIor I254 

Aioclur I260 

AiscniL 

..\[I JLIIlC 
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Bcnrcne 

Ben Lid1 iic 

Bcnro(a).mhracciie 

Table 5.4 Noncarcinogenic Reference Values, Target Organs and Effects 

109-00-2 3 00E-05 I I 00E-01 Liver toxicity I 

7429-90-5 IOOE+OO P 350E-O3 P 100E-03 P Bone A 

7664-4 1-7 I 00E-01 1 2 86E-02 Increase of rhinitis and pneumonia wlth respiratory leslons I 

I 20- 12-7 3 00E-01 I I JOE-01 No observed effects I 

7440-36-0 400E-04 I Longevity, blood glucose, and cholesterol I 

12674- I 1-2 7 00E-05 I I 40E-01 Reduced birth weights I 

I I 104-28-2 I 40E-01 

I 1141-16-5 I 40E-01 

53469-2 1-9 I40E-01 

12672-29-6 I 40E-01 

11097-69-1 200E-05 I I JOE-01 Eyes, finger and toe nails decreased antibodies I 

7440-38-2 3 00E-04 I J 00E-02 Hyperpigmentation, keratosis and vascular complications I 

19 12-24-9 150E-02 I I 00E-01 Decreased body weight, cardiac toxicity I 

7440-39-3 7 00E-02 I 500E-04 A I43E-04 A Increased kidney weight I 

7 1-43-2 400E-03 I 100E-02 I 8 57E-03 I Decreased lymphocyte count I 

I 1096-82-5 I 40E-01 

92-87-s 3 00E-03 I I 00E-01 

56-55-3 130E-01 
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U~oiiiotlichIoromerlinne 

Hrolnolol-nl 

B ro i nomet liane (methyl bromide) 

2-Hutanone (iiiethyl ethyl ketone) 

B iirylbeiizylplithnl:ite 

Cadini ti in flood) 

Cndiniuin (\varcr) 

Cni-bnzole 

C:irbofiiraii 

Carbon disulfide 

Carbon tetrachloride 

Chlordane-alpha 

Chlordane-beta 

Chlordane-gamma 

4-Chloronnilinc 

Chlorobenzene 

Fiiicil Coiiipi.ehi~iisive Risk Assessineiit Work Plnrt arid Methoclolog?~ September 2005 
Revisiori 1 

75-27-4 2.00E-02 I I .OOE-0 I Liver and kidneys A 

' 75-25-2 2.00E-02 I 1 .OOE-0 I Liver I 

74-83-9 1.40E-03 I 5.00E-03 , I 1.43E-03 I I.OOE-01 Forestomach, lesions of the olfactory epithelium I 

78-93-3 6.00E-01 I 5.00E+00 I 1.43E+00 I I.OOE-01 Decreased birthweight, skeletal variations I '  

85-68-7 2.00E-01 I I .00E-01 Increased liver-to-body and liver-to-brain weight ratios I 

7440-43-9 I.OOE-03 I 2.00E-04 P 5.7OE-05 P I.0OE-03 Proteinuria I 

7440-43-9 5.00E-04 I 2.00E-04 P 5.70E-05 P Proteinuria I 

1563-66-2 5.00E-03 I I .00E-01 Cholinesterase inhibition, and testicular and uterine effects I 
75- 15-0 1.00E-01 1 7.00E-01 I ' 2.00E-01 I I .00E-01 Fetal toxicity/malforniations/nervous system dysfunction I 

56-23-5 7.00E-04 I 2.00E-03 P 5.718-04 P I.OOE-01 Liver lesions I 
5 103-7 1-9 5.00E-04 la 7.00E-04 13 2.00E-04 la 4.00E-02 Hepatic necrosis I 

5 103-74-2 5.00E-04 la 7.00E-04 la 2.00E-04 la 4.00E-02 Hepatic necrosis I 

12789-03-6 5.00E-04 la 7.00E-04 la 2.00E-04 la 4.00E-02 Hepatic necrosis I 

106-47-8 4.00E-03 I I .OOE-0 I Nonneoplastic lesions of splenic capsule I 

108-90-7 2.00E-02 I 5.95E-02 P 1.70E-02 P I.OOE-01 Histopathologic changes in liver I 

86-74-8 1.00E-01 

Table 5.4 Noncarcinogenic Reference Values, Target Organs and Effects 
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Table 5.4 Noncarcinogenic Reference Values, Target Organs and Effects 

AnaIyte L i s t  

'_..I-Diiiicili~lplieii~~l I OS-61-9 2.00E-02 

l j i  iiiciliyll,litlinlntt. 131-11-3 I .OOE+O 1 

I~i-i i-butylphthnlnt~ . 84-74-2 I .OOE-0 I 
4 . 6 - D i n i 1 r u - 2 - n i e t I i y l ~ ~ l i o l  (4.6-dinitro- 
0-crcsol) 534-52-1 I .00E-01 

2.4-Dinitrophcnol 5 1-28-5 2.00E-03 

2.4-Dinitrotoluene I21 - 14-2 2.00E-03 

2.6-Ui nitrotolurne 606-20-2 I .00E-03 

I~i-ii-octylphthalate 1 17-84-0 4.00E-02 

I 5 00E-02 

H I 40E-01 

P 5 00E-03 P I40E-03 

I 2 O O E - O I  I 5718-02 

I SOOE-03 S I43E-02 

H 

I 

I 

A I.OOE-01 Decreased body weight I 

A 1.00E-01 

P 1.00E-01 

I Liver toxicity 

S I.OOE-01 Liver toxicity 

1 I.OOE-01 

I .OOE-0 I Liver, kidneys, and lungs A 

I .OOE-0 1 Decreased delayed hypersensitivity response I 

5.00E-02 Hematologic, hepatic and renal toxicity 1 

I .OOE-0 I Increased mortality I 

I .00E-01 Eye 

I .OOE-0 I . Cataract formation I 

I .OOE-0 1 . I  

H I .OOE-0 1 Whole body, mortality 

P 1 .OOE-0 1 

Neurotoxicity, Heinz bodies and biliary tract hyperplasia 

55 



Septeinber- 2005 
Revision I 

Table 5.4 Noncarcinogenic Reference Values, Target Organs and Effects 

56 



Fiiiol Cc)rril,t-elieii.vi~:e Risk Assessineiit Work Plari arid Metlzodology September 2005 

hle lcu ly  

hlctho\yihlor 
7-Methyl--l-~liloiopIieiio\yscetic acid 
(MCPA) 
2-(2-hlcthyl-?-chlorophcnoxy) propionic 
:Icltl (RICPP) 

hlrthylene chloiide (dichloromrthane) 

hlethyl insthacrylate 

2 - h ~ l e t I ~ y l 1 ~ ~ p h t h ~ l ~ i l ~  
4-Meihyl-2-p~iitanoiie (nieihyl isobutyl 
ketone) 

7--hlethylphenol (0 Lresol) 

4-hlerhylphenol (p-cresol) 

Table 5.4 Noncarcinogenic Reference Values, Target Organs and Effects 

7419-97-6 300E-03 I 3 00E-04 I 8 S7E-OS I CNS effects I 

72-43-5 5 00E-03 I 1 00E-01 Increase i n  loss of litters I 

94-74-6 5 OOE-04 I I 00E-01 Liver and kidneys I 

93-65-2 100E-01 I 1 00E-01 Kidneys I 

75-09 -2 6 00E-02 I 1 00E+00 H 8 57E-01 H 1 00E-01 Liver toxicity I 
80-62-6 I 4OE+OO I 7 00E-01 I 200E-01 I 100E-01 Olfactory epithelium I 

9 1-51-6 400E-03 P 1 00E-01 Ear function I 

108-10-1 3 00E+00 I 8 57E-01 I I OOE-01 death I 

9 5-48-7 S 00E-02 I I 00E-01 Decreased body weights and neurotoxicity I 

Reduced fetal body weightkkeletal vanationshcreased fetal 

106-44-5 5 00E-03 H I 00E-01 
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l')'lcnc 

Selenium 

Si I vcr 

Sillinzinc 

S t roiit i 11 ni 

St\Tcnc 

129-00-0 3.00E-02 I I .30E-01 Kidneys I 

7782-49-2 5.00E-03 I Selenosis I 

7440-22-4 5.00E-03 I ' Argyria I 

122-34-9 5.00E-03 1 Reduced weight; Liver changes in females I 

7440-24-6 6.00E-01 I Rachitic bone I 

100-42-5 2.00E-01 I I.OOE+OO I 2.86E-01 I I.OOE-01 Red blood cell, liver, and CNS effects I 

Table 5.4 Noncarcinogenic Reference Values, Target Organs and Effects 

Sullitle 

I .2 .J . .~-~~crr ; ic l i I~ro l~e i iz~ne 

I. I. I .2-Tztr.;ichloroctli~iile 

I ,  I .2.2-Tcir:lchloroeih~~~~e 

.ret r.;lcili~~~uctilel~e 

2 .3  .J .6-TetrncliIoroplieiiul 

Thallium . 
Ti II 

Titanium 

Toluene 

Towpliene 

I .2.4 -Ti-i ch loi-oben zene 

I .  I .  I -1~richlorueihnne 

I ~ I .2-Tricliloroetli~iie 

Triclllol-uethene 

Tric1i1oroetheneh 

TI.iclilorolluoroiiiel liane 

2,4.S-Trichli,roplieiiul 

Tri I: h loi-ophcnos vpropri on ic  acid 

I . l - .~-~ l ' r ic l i Ioropr i~~~ai ie  

2.J.G-Tl.i~hlorol,hc.nol 

. .  
. 18496-25-8 

95-94-3 3.00E-04 I I .OOE-0 I Kidney lesions I 

630-20-6 3.00E-02 I I .OOE-0 I Liver and kidneys I 

127- 18-4 I .00E-02 I 4.90E-01 P I .40E-01 P I.OOE-01 Liver toxicity, weight gain I 

7440-28-0 7.00E-05 I Nervous system effects A 

79-34-5 h.00E-02 P I .OOE-0 I Liver, vacuolization OR 

58-90-2 3.00E-02 I I .OOE-0 I Liver I 

7440-3 1-5 6.00E-01 H Liver lesions OR 

7440-32-6 4.00E+00 P 3.01E-02 P 8.60E-03 P 

108-88-3 2.00E-01 I 4.00E-01 I I .14E-01 I LOOE-01 Liver and kidney weights, nasal epitheliuni, CNS effects I 

120-82- I I .00E-02 I 3.50E-03 P I.OOE-03 P I.OOE-01 Increased adrenal weights; vacuolization in  the cortex I 

79-00-5 4.00E-03 I I .00E-01 Changed serum chemistry I -  

800l-35-2 I .OOE-0 I 

7 1-55-6 2.SOE-01 P 221E+00 P 6.30E-01 P I.OOE-01 

79-01 -6 3.00E-04 P I .OOE-0 I CNS, liver. endocrine system, fetus OR 

79-0 1-6 3.00E-04 P 3S0E-02 I' I.OOE-02 P I.OOE-01 CNS, liver, endocrine system. fetus OR 

75-69-4 3.00E-01 I 7.00E-01 A 2.00E-01 A I.OOE-01 Histopathology I 

95-95-4 1.00E-01 I I .00E-01 Liver and kidneys I 

93-72- I 8.OOE-03 I I .OOE-0 I Liver I 

96- 18-4 6.00E-03 I 1.40E-03 P I.OOE-01 Blood I 

88-06-2 I .OOE-0 I 
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Table 5.4 Noncarcinogenic Reference Values, Target Organs and Effects 

An'lI~re L l 5 t  CAS Nunther 

I .OOE-0 I Psychomotor i mpairmrnt I 

I .OOE-0 1 Liver I 

ti = Values reconiniended by CDPHE, PRGs calculated with these values will be used for screening of COCs. 

I = IRIS (EPA 2004) H = HEAST (EPA 1997) A = HEAST Alternate W = Withdrawn from IRIS or HEAST 

P = EPA-NCEA provisional value (EPA 2003) 

El = 1992 NCEA \'slues recomrnended by EPA Region 8. / 

0 = EPA ReZion 3 PKGs (EPA 2003), source not cited 

S = CDPHE value 
~~~ 

la  = Values given arc for Chlordane (CAS no: 12789-03-6). 

11) = \'slues ziven are for 1,3-Dichloropropene (CAS no. 542-75-6). 

IC = Value is for Endosulfan (technical) 

Id= Endrin \vas used as a surrogate. 

ESOD = Erytlirocytr s u p o x i d e  dismutase 
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The dose coefficients for external exposure to radionuclides distributed i n  air, water, and soil 
will be tabulated in accordance with Federal Guidance Reports Nos. I 1  and 12 (EPA 1988, 
1993). The close coefficients are based on dosimetric methodologies ‘and include the results 
of calculations of the energy and angular distributions of the radiations incident upon t h e  
body and transport of these radiations within the body. Particular effort was devoted to 
expanding the information available for the assessment of the radiation dose from 
radionuclides distributed on or below the ground surface. 

Dose coefficients for external exposure relate the doses to organs and tissues to the 
concentrations of radionuclides in environmental media. This is referred to as “external 
exposure,” because the radiations arise outside the body. Intakes of radionuclides may also 
be by inhalation or ingestion, where the radiations are emitted inside the body. In either case, 
the dosimetric quantities of interest are the  radiation dose received by the more radiosensitive 
organs and tissues of the body. Radiations of concern for external exposures are those that 
are sufficiently penetrating to traverse the overlying tissues of the body and deposit ionizing 
.energy in radiosensitive organs and tissues. Penetrating radiations are limited to photons, 
including bremsstrahlung, and electrons. The radiation dose depends on the temporal and 
spatial distributions of the radionuclide to which a human is exposed. The mode considered 
for the CRA for external exposure is exposure to contamination on or in the ground. 

6.0 HUMAN HEALTH RISK CHARACTERIZATION 

Actions: Characterize risks for the CRA for two receptors: 

I .  Risk to an on-site WRW will be assessed based on exposure to COCs developed 01.1 

the basis of the EUs, as discussed in Section 4.2. 
2. Risk to an on-site WRV will be assessed based on exposure to COCs developed on 

the basis of the same EUs. 
~ ~~~ ~~ 

To characterize risks, the chemical-specific intakes calculated in the exposure assessment are 
multiplied by the applicable chemical-specific dose-response factors to compute estimates of 
the cancer risk for an individual over a lifetime of exposure. Alternately, the intakes are 
compared with RfDs (chronic, subchronic, or acute) for noncarcinogenic health effects. The 
nature, WOE, and magnitude of uncertainty for the potential critical health effects are 
considered. The process of quantifying health risks includes the following: 

Calculating and characterizing carcinogenic effects for each applicable COC, 
receptor, pathway, and exposure’ scenario, using both Tier 1 and Tier 2 EPCs; 

Calculating and characterizing noncarcinogenic effects for each COC, receptor, 
pathway, and exposure scenario: using both Tier 1 and Tier 2 EPCs; 

Ca I cu I a t  i n g and charac t e r i zi ti g the clerm a I expos 11 I-e effects ; 

Ciilculating and characterizing I-adiation close for each raciionuclide COC, receptor, 
Ixi~.hwayl ancl exposure scenario, using both Tier I and Tier 2 EPCs; and 

c o  ti ci iict i n 2 q 11 a I i t a t  i ve (0 r q 11 ;in tit at i ve ~ i I’ n ecess ary  ) 11 ncert ai n t y an a1 ps i s . 
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6.1 Calculating and Characterizing Carcinogenic Effects 

The following calculation will be used to determine carcinogenic effects by obtaining 
numeric estimates (that is, unitless probabilities) of lifetime cancer risks: 

Risk = Intake x CSF 

~ * 
(Equation 6- 1) 

Where: 

Risk = potential lifetime excess cancer risk (unitless probability) 

Zittake = 

CSF = cancer slope factor ([mg/kg-day]-l or pCi-') 

CSFs will be used as provided i n  IRIS (EPA 2004a). Inhalation and oral ingestion CSFs are 
used with their respective inhalation and ingestion intakes to estimate potential carcinogenic 
health risks. The CSFs used are presented and discussed in the toxicity assessment (Section 

chronic daily lifetime intake (mg/kg-day or pCi) from equations i n  Table 4.7 , 
~ 

\ 5.1). 

Risks calculated for each COC are summed to estimate a total chemical cancer risk (Risk Tc)  

and a total radionuclide cancer risk (Risk T,.), using the following equations: 

Risk Tc = L'Risk ic (Equation 6-2) 
Risk T,. = Risk i,. (Equation 6-3) 

Where: 

Risk T(: = to:a! chemical cancer risk (unitless probability) 

Risk ic = 

Risk T,. = total radionuclide cancer risk (unitless probability) 

Risk ;,. = 

These equations are an approxiination of the precise equation for combining risks to account 
for the probability of the same individual developing cancer as a consequence of exposure to 
two or more carcinogens. The difference between the precise equation and this 
approximation is negligible for total cancer risks less than 0.1 (IO-'). The risk summation 
assumes independence of action by the compounds (that is, no synergistic or antagonistic 
actions). The limitations of this approach include conservative risk estimates due to the use 
of multiple upper-bound estimates of CSFs, increased uncertainty when adding potential 
carcinogenic risk across WOE cancer classes (A through C), and uncertainty due to possible 
i n terac t i on s am on g c arc i n ogen s . 

A table of risks for each exposure scenario will be presented to show contaminant- and 
pathway-specific risk, with cont;iminmts presented by rows and pathways presented by 
columns. Risks will be subtotaled across pathways for each contaminant. 

A tor.aI cnrcinogenic risk will also be summed separately for chemicals and radionuclides 
across WOE classifi'carions ;IS an aid i n  the discussion of: the uncertainty of the estimates. In 

risk estimate for the ith chemical contaminant (unitless probability) 

risk estimate for the i"' radionuclide contaminant (unitless probability) 

62 



F i m l  Coinpr-eheiisive Risk Assessment Work Plan arid Methodology September 2005 
Revisiotz I 

accordance with EPA ( I  989) guidance, only one significant digit is retained when 
summarizing calculated risks. 

The CRA is an assessment of the human health and ecological risks from residual 
contamination. The pathways and contaminants driving the risk will be noted and 
acco in pan i ed by a d i scu s s i o n of an y qual i fy i n g i n form at i o n . 

In addition to presenting the incremental cancer risks due to contaminants at the Site, 
perspective may be provided by giving examples of typical background sources of risk, such 
as for arsenic or uranium. The text will note assumptions associated with the calculations, 
and discuss the importance of background risks associated with each exposure scenario. The 
CRA summary section will present risks for each scenario. 

6.2 

Health risks associated with exposure to individual noncarcinogenic compounds are 
determined by calculating HQs and HIS. The noncarcinogenic HQ is the ratio of the intake 
or exposure level to the RfD, as follows: 

Calculating and Characterizing Noncarcinogenic Effects 

( 

HQ, = lntake,/RfD, (Equation 6-4) 

Where: 

HQl = noncarcinogenic HQ for ith substance 

Intake, = 

RjD, = 

intake for ith substance (mg/kg-day) for appropriate exposure period 

RfD for i"' substance (mg/kg-dzy) for appropriate exposure duration 

Inhalation and oral ingestion RfDs are used with their respective inhalation and ingestion 
intakes to estimate potential noncarcinogenic health effects. Intake and RfD are expressed in 
the same units and represent the same exposure period. The RfDs used are presented and 
discussed in the toxicity assessment of the CRA. COCs that have been determined to have 
subchronic (2-week to 7-year exposure) or acute (less than 2-week exposure) effects i n  the 
toxicity assessment will be characterized using subchronic or acute RfDs, or other dose- 
response information, as available. 

HIS are the summed HQs for each chemical across an exposure pathway. An HI is calculated 
using the following equation: 

HI,,,,, = zHQi(Equat ion 6-5) 

Where: 

HI,,,,, = HI for an exposure pathway (unitless) 

HQ; = I-IQ for tile i"' coc (unitless) 

The HI,,,, values are not statistical probabilities of a potential effect. I f  the Hl,,,, exceeds one, 
there is a concern for potential nonc~ircinogenic health elrfects. I n  general, the greater the HI 
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above one, the greater the level of concern. However, the level of concern does not increase 
linearly as the HI approaches or exceeds one. 

Noncarcinogenic effects will bc presented in the CRA tables similar to those used in the 
presentation of carcinogenic risk. Each table will show contaminant- and pathway-specific 
effects with contaminants presented i n  rows, and pathways presented by columns. Hl,,,s will 
be subtotaled across pathways to develop an HI for the exposure scenario (HIes), assuming 
the same individuals would consistently be exposed to more than one pathway for each 
con taminant. 

HQ,s approaching or exceeding otic will be segregated and summed by mode of action or 
target organ to calculate the total HI by target organ (HIlo). A total HI,, will also be summed 
across all pathways and containinants for a specific receptor scenario. Both of these 
procedures are approximations of HIto. One significant digit is retained when summarizing 
the calculated indices. 

The CRA will discuss HQs and HIS that exceed one. Factors such as uncertainty inherent in 
the RfD(s), mode(s) of action, target organ(s), and severity of health effect(s) will be 
discussed. The pathways and contaminants driving the risk will be noted and discussed. A 
summary table presenting HIes subtotals for all scenarios will be created for presentation in 
the CRA risk summary section. This may include placing the results for each scenario in 
rows, and providing information on HIS, dominant C,OCs, and dominant pathways in  
co I um n s . 

6.3 

As discussed in the toxicity assessment (Section 5.0), evaluation and assessment of risks for 
the dermal route are based on absorbed dose as opposed to the administered dose for other 
routes (EPA 200 1 b). The derinally absorbed dose (DAD) must be calculated separately as 
follows, and the toxicity factors adjusted according to estimated gastrointestinal absorption in 
critical studies: 

Calculating and Characterizing the Dermal Exposure Effects 

Where: 

Where: 

DAD = DAeVE,,, x EF x ED x EV x SA.  
B W x A T  

(Equation 6-6) 

averaging time; 
body weight; 
exposure duration 
exposure frequency; 
event frequen c y ; 
surface are; and 
Csoil x CF x AF x ABS,l 
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AF = adherence factor of soil to skin; 
C S O d  = concentration of COC i n  soil and 
CF = conversion factor ( kilograins per inilligrani [kghng]) 

The cancer risk or HI for the pathway is calculated using the following equation: 

Dernial cancer risk = DAD x SFtrbs (Equation 6-7) 

Where: 

DAD = dermally absorbed dose (mg/kg-day) 
SFtrhs = absorbed CSF (mg/kg-day)-’ 

The noncarcinogenic health hazard is calculated in a similar way: 

Dernznl HQ = DAD / RjDah,r 

Where: 

(Equatio’n 6-8) 

RfD(r/>,\. = absorbed RfD (mg/kg-clay) 

The carcinogenic risk or HI for the dermal pathway is then presented with the estimates from 
the other pathways. The estimates for all pathways are subsequently summed, as discussed in 
Sections 6.1 and 6.2. 

6.4 

Radiation dose will be calculated using the methodology outlined in the Task 3 Report (EPA 
et al. 2002). The Residual Radioactivity Computer Code (RESRAD) model (version 6.0) and 
point-estimate parameter values for exposure variables from the Task 3 Report will be used 
in dose simulations for the WRW and WRV. The method for calculating radiation dose 
using the RESRAD program is documented in the Task 3 Report. 

Radiation dose will be calculated based on effective dose (hereafter, “dose”), an estimate of 
damage to the body froin ionizing radiation. The dose-based calculations will be performed 
using the equations and variables in the RESRAD computer model (DOE 2003b). RESRAD 
calculates radiation dose based on an annual exposure. The amount of exposure is multiplied 
by a dose conversion factor (DCF) to determine a predicted dose. 

Calculating and Characterizing Radiation Dose 

6.5 Conducting an Uncertainty Analysis 

The uncertainty analysis characterizes the various sources and their contributions to 
uncertainty i n  the CRA. These uncei-taiilties are driven b y  uncertainty i n  the Site 
investigation data, likelilioocl of hypotlietical ekposure scenarios, transport modes used to 
estimate concentrations a t  iwxptor locationsl i-ecepior inkike parameters, ;ind toxicity values 
used to characterize risk. Additionally, iincerrai nties are iniroclucecl in  the risk assessment 
w he ti ks  pos 11 res to ..sevei.a I s 11 bs t a t i  ces iic ross mu I t i 1) I e par I1 \v;iys are s LI 111 mecl . 
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Scope: Develop and document the methodology for the ERA portion 
of the CRA. 

1 

The concept of uncertainty can be i iore fully defined by distinguishing between variability 
and knowledge uncertainty. Variable parameters are those that reflect heterogeneity in a 
well-characterized population, for which the distributions would not generally be narrowed 
through further measurement or study. Certain parameters reflect a lack of information about 
properties that are invariant and whose single, true value could be known exactly by the use 
of a perfect measuring device. Where appropriate, qualitative uncertainty analysis may 
distinguish between variability and uncertainty. This type of uncertainty analysis will 
identify each key source of uncertainty, present an estimate of the relative impact of the 
uncertainty on the CRA, and include any clarifying remarks. 

This section provides the methodology for the ERA i n  support of the CRA. The methodology 
utilizes existing RFETS risk assessment methodologies (DOE 1996b, 1996c) and more recent 
EPA guidance on performing ERAS at Superfund sites (EPA 1997b, 1999, 2000c, 2001~) :  

Previous ERA efforts at RFETS include an ERA for the Woman and Walnut Creek 
watersheds i n  the BZ. The results of the ERA are presented in the Draft Final Phase I RFURI 
Report Appendix N, Woman Cieek Priority Drainage Operable Unit No. 5 (DOE 1995b). 
Hereafter, this ERA will be referred to as the Draft Watershed ERA. The Draft Watershed 
ERA has not been approved or formally accepted by the regulatory agencies, and was based 
on available data collected through 1995. However, available analytical and biological data 
from the Draft Watershed ERA will be used, if appropriate, to augment the updated and 
current comprehensive ERA effort. 

An ERA has not been performed for areas within the 1A. Buildings, parking lots, or other 
developed areas formerly covered much of the IA and, as a result, the IA did not represent a 
significant ecological resource. However, all buildings, structures, and parking lots are 
currently being dismantled and removed. The reasonably anticipated future land use for the 
IA will be part of a U S .  Nitional Wildlife Refuge, and an ERA i s  needed to characterize the 
potential exposure and ecological risk due to residual contamination in soil or other media. 

An overview of the ERA portion of the CRA is shown on Figure 7.1. The CRA is intended 
to document residual ecological risks following the ongoing accelerated actions at the Site. 
The analysis will include two main phases. Data on ecological contaminants of interest 
(ECOls) in abiotic media from the Site will be compai-ed to conservative ESLs that have 
been developed for abiotic media and a range of ~-epresentative ecological receptor types 
(Appendix B). ECOIs are analytes thal have been detected i n  abiotic media. The analysis 
w i I I be conducted using all Sit e data fro in p rev i oil s i n ves t i gat i on s and con fi rni at i on sani p I i n  g 
from accelerated actions or suppleniental data col lectioii not related to accelerated actions. 
The ESL comparisons will be used to iclenrily ecological contaminants of' potential concern 

. 
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(ECOPCs) for each receptor of concern (ROC) and EU and to map (he locations where the 
ESLs are exceeded. The terrestrial ecological analysis will be conducted for the same EUs as 
defined for the HHRA and sitewide for wide ranging rcceptors. The aquatic ecological 
analysis will bc conducted on a watershed-specific basis using the AEU boundaries shown on 
Figure 4. I b. Seven AEUs were identified including Rock Creek AEU, McKay Ditch AEU, 
No Name Gulch AEU, North Walnut Creek AEU, South Walnut Creek AEU, Woman Creek 
AEU, and Southeast AEU. Ponds and other limited reaches within the boundaries of an AEU 
may also be assessed. 

Risk will be characterized for the ECOPCs identified in  the comparison of ECOIs to the 
ESLs. The risk characterization will use additional lines of evidence as outlined on Figure 
7.1 and will be completed in consultation .with the regulatory agencies. Data gaps will be 
addressed prior to the CRA in a DAR intended to identify areas where additional data are 
needed to support the CRA. 

ESLs are specific to the feeding guild being evaluated and the level of protectiveness 
required. For vertebrate ROCs that are not considered to be of special status (rare or 
threatened), ESLs represent exposures equal to the threshold ESL (tESL) when available. 
The tESLs are based on the geometric mean between no observed adverse effect levels 
(NOAELs) and lowest-observed adverse effect levels (LOAELs) from chronic sublethal 
endpoints. ESLs for the Preble’s meadow jumping mouse (PMJM) are more protective 
because it is a rare species with legal protection over and above the typical receptor. ESLs 
must be adequately conservative to provide sci-eening-level protection on a subpopulation 
level. PMJM ESLs are based on NOAELs. ESLs were developed for ECOIs which included 
the analytes in  RFCA Attacliinent 5 ,  Table 3 (DOE et id. 1996 [as modified]) and other 
analytes, as necessary. 

Data used for the ESL comparison process will be from abiotic media (surface and 
subsurface soil, surface water, and sediments). For areas that may have undergone 
accelerated actions, data will be from a combination of confirmation sampling and historical 
sampling in areas where no removals have occurred. Additional data may also be collected 
pending t h e  results of the DAR. In addition, the ERA may use the results of Sitewide surface 
water and groundwater transport modeling efforts to predict exposure of aquatic and 
terrestrial species at points of potential discharge, such as hillside seeps (terrestrial) and 
streams (terrestrial and aquatic) 

I 7q 
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Collect Additional Data 
If accelerated action is deemed 
necessary or currently scheduled, 
collect confirmation data. 
If data gaps identified, collect 
targeted samples. 

Perform CRA Data 
Adequacy Assessment 

Yes 

Agency Consultation 57 

Perform CRA Risk Characterization 
Document residual risk in the 

CRA risk characterization. 

Figure 7.1 Sequence of Activities for the ERA 

4 

Develop CRA Methodology 
1. Sitewide Assessment Endpoints 
2. Sitewide ECOPC ID Methods 
3. PMJM Risk Analysis 
4. Non-PMJM Risk Analysis 
5. Uncertainty Assessment Methods 

1 
~ I Agency Concurrence ~ 1 
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7.1 Use of Draft Watershed Ecological Risk Assessment in the Comprehensive Risk 
Assessment 

Purpose: The rcsults of the previously, completcd Draft Watershed 
ERA will be used to support the current assessment of ecological risks 
from residual contamination at the Site. 

Conclusions and data from the Draft Watershed ERA will be important lines of evidence in 
the risk characterization process. The Draft Watershed ERA represents a comprehensive 
exposure and risk assessment conducted specifically for the RFURI process at RFETS. The 
results will be used on several levels. For example, risk characterizations may include 
assumptions about the extent to which ECOPCs are accumulated froin abiotic media to biota 
in the  food chain. The literature-based bioaccumulation factors (BAFs) used in developing 
the ESLs are typically conservative and tend to overestimate the ECOPC concentrations in 
forage and prey, which, in turn, tend to overestimate risk. BAFs are generally derived from 
laboratory studies or studies at other sites, and the assumptions used in the ESL calculations 
may not match the reality at the Site. The Draft Watershed ERA contains data on ECOPC 
concentrations in biota throughout the active areas of the Site. These data were used in 
exposure and risk calculations, eliminating the need for the use of BAFs because the actual 
ECOPC concentrations in tissue were available for the exposure calculations. Therefore, 
results of the exposure analyses from the Draft Watershed ERA will be thoroughly reviewed 
for their applicability to the CRA and, where appropriate, biotic data will be used in the CRA 
exposure analysis portion of the risk characterization to make the analysis more Site-specific 
than would be possible with only generic BAFs. 

Data from the Draft Watershed ERA, RFURI reports, and ecological monitoring studies may 
also be used in the DAR to help determine whether additional data are needed to assess risks 
in specific areas. This may be especially applicable to PMJM habitats along the creeks 
where soil and biota data were collected. The results of the Draft Watershed ERA may be 
used to determine whether additional data are needed to f i l l  spatial data gaps along the 
drainages. Results of ecological monitoring at the Site may be used to help determine 
whether there is properly functioning habitat in the EUs. 

7.2 Ecological Risk Assessment Background, Site Conceptual Model, and Data 
Quality Objectives 

Actions: Specify information needed on the physical setting; develop 
an SCM of ecological receptors and exposure pathways to guide the 
ERA process; specify risk management goals and iissessment 
endpoints; atid develop DQOs to guide the ERA pi-ocess. 
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Vegetatiodhabitat types to be introduced in.the IA. 

Much of the needed information is available from ecological characterization and monitoring 
activities for the Site. Site physical characteristics are well described. Surface water and 
groundwater flow patterns and future Site configuration have been discussed in various- 
reports that address the Sitewide water balance, actinide migration, and land configuration. 
Results of these studies will be used in conjunction with data on the nature and extent of 
contamination, select assessment endpoints, and ECOPC screening methodologies to 
complete the problem formulation phase of the ERA. Where data from other studies, such as 
the Draft Watershed ERA, are used to make decisions, the specific data on which a 
conclusion or result is based will be presented or the location of the original document where 
the data can be found will be cited. 

@ 

7.2.2 Site Conceptual Model 
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7.2.1 Environmental Setting 

The description of the environmental setting at RFETS will be presented in  the RVFS Report 
- 

- 

and will include the physical characteristics of the Site, such as topography, geology, and 
hydrology. The types and extent of plant and animal communities present on Site will be 
discussed in the ERA. 

After accelerated actions, species diversity, abundance, and habitats may change 
significantly. Therefore, it will be important to the ERA to determine the following: 

Present and future extent of wetlands habitat on Site; 

Sensitive/protected plant species habitat (for example, Ute Ladies'-Tresses) on Site; 

Present and future PMJM habitat locations on Site; 

0 Other protected or special status species sightings or habitats on Site (for example, 
bald eagles and peregrine falcons); and 

Development of the SCM is the first step.in the problem formulation, or planning, phase of 
ERAS (EPA 1997b). The purpose of the SCM is to help identify environmental stressors and 
the potential pathways by which ecological receptors may be exposed to them. This step 
allows investigators to identify the potentially complete pathways that will become the focus 
of the ERA. 

An SCM for the Draft Watershed ERA was described i n  the Sitewide Conceptual Model 
Technical Meniorandum (SCMTM) (DOE 1996~) .  Specifically, the ERA will provide the 
following for each exposure unit: 

Description of the environmental setting at RFETS, including the natural physical and 
biological systems, and a brief description of the primary contaminant source .areas or 
IHSSs; I 

De sc r i pt i on of the i ni po I' t a 11 t con tam i n an t fate and t rn 11 s po 1. t 1) at  li ways i 11 abiotic 
media; 

Desc r i 1) ti o 11 of the i m port an t es  pos 11 re path ways , i tic I 11 cl i 11 g p 1. i i i i  a r y e s po s 11 re m ed i a ~ 

exposure points, receptor guilds, and exposuic routes; 
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Description of receptor guilds and identification of key species in each guild to be 
used i n  representative expo’sure estimates at RFETS; 

Species-specific exposure parameters to be used i n  estimating exposure to key 
receptors; 

Measurement endpoints for which data have been col lectcd; 

A summary of existing environmental data, data sources, and ongoing monitoring 
programs; and 

A description of data gaps associated with determination of the nature and extent of 
potential contamination. 

The SCM has been updated to reflect the most appropriate ecological receptors for the Site as 
a wildlife refuge (Figure 7.2). The purpose of the SCM is to help identify potential pathways 
by which ecological receptors may be exposed to ECOPCs. The identified pathways become 
the focus of the ERA. The SCM will also be used to identify measurement endpoints for use 
in evaluation of assessment endpoints (Suter 1993). 

Figure 7.2 identifies several potential pathways that describe how a receptor might contact an 
ECOPC. The figure identifies pathways that are probably complete, as well as potentially 
significant pathways for exposure of the receptor groups. Some of the pathways (inhalation 
and dermal contact with surface water for terrestrial fauna) are designated as potentially 
complete but insignificant and. will not be quantitatively evaluated. 

Inhalation of ECOPCs i n  ambient (surface) air is generally thought to be insignificant 
compared to ingestion pathways (EPA 2000~) and is generally not evaluated qiiantitatively ii1 

ERAS. In addition, there is little information available to assess the potential toxicity of 
ECOPC concentrations i n  air. 

Therefore, while the pathway may not be significant, it is identified as a source of uncertainty 
that may result in an underestimate of exposure. Dermal exposure to surface water is also 
thought to be a minor pathway for most terrestrial species at RFETS. For metals, polar 
organic compounds, and radionuclides, skin, fur, and feathers are generally a significant 
barrier to absorption. Nonpolar organic ECOPCs are more likely to be transferred across 
external surfaces. However, the low concentrations at which such compounds are found in 
surface water and the low absorption rates for most terrestrial receptors limit the potential 
exposures. For terrestrial vertebrates at RFETS, oral ingestion is likely to be more significant 
and “drive” risk rather than either inhalation or dermal contact. For some scenarios, such as 
burrowing animals, dermal pathways may be evaluated for organic ECOPCs in soil. 
However, the oral pathway is expected to be the most important exposure pathway for 
ECOPCs. 

I 
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7.2.3 

In order to focus ERAS, EPA (l997b) recommends identifying overall site management 
goals, assessment, and measurement endpoints on which the analysis of risk should focus. 
Assessment endpoints are the explicit description of the ecological v’alues to be protected as a 
result of management actions at a site. Measurement endpoints are specific data collected to 
address the assessment endpoints i n  an attempt to answer the risk questions as they relate to 
the risk management goals at the site. The overall risk management goal identified for use in 
developing the ERA for the CRA is: 

“Site coizditiorzs due to residual coiztaiizination should not represent sigizificunt risk of 
adverse ecological effects to receptors from exposure to Site-related residual 
contanziizatioiz. ” 

Ecological Risk Management Goals and Endpoints 

Significant adverse ecological effects imply toxicity that results in reductions in survivorship 
or reproductive capability that threaten populations or communities at RFETS. For species 
that are afforded additional regulatory protection due to their rare or threatened status, such 
as PMJM, significant adverse effects can occur even if individuals are affected. Therefore, 
the assessment for PMJM will address the potential for individual mice to be adversely 
affected by contact with ECOPCs. For other species with stable or healthy populations, the 
assessment will focus on population-level effects where some individuals may suffer adverse 
effects, but the effects are not ecologically meaningful because the overall Site population is 
not significantly affected. 

For PMJM, the overall risk management goal and endpoints are: 

Goal: Prevent adverse effects on individual PMJM due to lethal, mutagenic, 
reproductive, systemic, or general toxic effects of contact wi th  ECOPCs from the 
Site. 

Assessment Endpoints: Survival, growth, and reproduction of individual PMJM at 
the Site. 

Measurement Endpoints: Hazard quotients (HQs) derived based on comparison of 
total intake measures,’calculated from PMJM-specific ingestion models, of ECOPCs 

’ from abiotic data (soil, sediments, and surface water) and food items to toxicity 
reference v’alues (TRVs). 

For non-PMJM receptors, the risk management goal and endpoints are:, 

. Goal: Prevent adverse effects on, populations due to lethal, mutagenic, reproductive, 
systemic, or general toxic effects of contact with ECOPCs from the Site. 

Assessment.Endpoints: Survival, growth, and reproduction adequate to sustain 
populations at the Site. 

Measurement Endpoints: HQS derived based on comparison of total intake 
measures, calculated from receptor-specific ingestion models, of‘ ECOPCs from 
abiotic data (soil, sediments, and surface water) and food items to TRVs.  
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Functional Group 
Burrowing Small Mammal 

Herbivoious or Omnivorous Small Mammal 

Insectivorous Sinall Mammal 

Herbivorous or  Omnivorous Bird 

Insectivorous Bird 
Ruminant Wildlife 

Mammalian Predator 

Avian Predator 

September 2005 
Revision I 

Representative Species 
Black-tailed Prairie Dog 

Deer Mouse 

Deer Mouse 

Mourning Dove 
Mourning Dove 
Mule Deer 

Coyote 

American Kestrel 

The receptors to be included as assessment endpoints for the Site are showii in Table 7. I .  
These receptors were identified based on ecological functional groups, then representative 
species were identified to focus the analysis. 

Aquatic Life 

Table 7.1 Representative Species for the ERA 

General aquatic life, including amphibians and 
benthic macroinvertebrates (sediment exposure) 

Plant I General I 
I I Terrestrial Invertebrate I General 

7.2.4 

As with the HHRA process, the approach to the ERA is presented in the foi.iI1at of DQOs 
(EPA 1997b). 

Ecological Risk Assessment Data Quality Objectives 

Step I :  State the Problem 

Potentially toxic substances have been released at the Site. Ecological receptors could be 
exposed to the substances. To date, ecotoxicological risks have been characterized only for 
portions of the BZ in the Woman Creek and Walnut Creek watersheds (DOE 1995b). 

The problem to be addressed by the ERA is: 

“The risks to all reasonably expected ecological exposures to residucrl coiztninirzarits 
present in the erzvirorznzeiztul media following nccelerated actiorzs iizust be quantified 
in ci technically sound and defensible maiznei-. ’’ 

Step 2: Identify the Decision 

The ERA will characterize what is known about the exposures, and whether they have 
resulted, or could result, i n  significant adverse effects to ecological receptors. The overall 
Site management question to be addressed by the ERA is: 

“Are  i-e.sicli,rar! lorzg-teim ecologiccil i-isk.rji-onz Site-specific coiitnii2iiiciii.t.s crcceptnhle 
,for the bong-Ierm Sire LI.W arid rricriimgeiireiir goals?” 

I n  01-der 10 address this general decision, additional decisions to be addressecl iilclucle: 
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Has a methodology been developed to adequately assess ecological risks? 

Has a methodology been developed to adequately identify ECOPCs? 

Is the CRA SCM adequate to define all viable exposure scenarios, exposure 
pathways, and receptors based on the reasonably anticipated future land use? 

Have all EUs and watersheds been adequately defined and established? 

Have the nature and extent of inorganic, organic, and radionuclide analytes within 
EUs and watersheds been identified with adequate confidence, based on evaluation of 
Site process knowledge and analytical data? 

Have samples of adequate number and quality been collected within EUs and 
watersheds to perform the risk assessment? 

Step 3: Identify the Inputs to the Decision 

Information needed to resolve the ERA decision statements is as follows: 

Existing data for areas under consideration; 

Results from a DQA screen (Section 3.1.5) applied for each type of environmental 
medium as prescribed in this Methodology; 

Results from the ECOPC screen compared to ecotoxicological ly-base-d screening- 
level values; 

Maps for ECOPCs depicting the distribution of sampling locations with 
concentrations compared to ESLs; 

Ecological data that have become available since the completion of the previous 
ERAs (for example, the Integrated Ecological Monitoring program); and 

Data and results from the previous ERAs conducted at RFETS. 

Step 4: Define the Study Boundaries 

Study boundaries are used to determine the areas from where data will be used, and identify 
whei-e future sampling will occur. These study boundaries are as follows: 

Only post-1991 (i.e., collected on or after June 28, 1991.) data meeting CRA data use 
guidelines (e.g., exclude data that are no longer relevant due to accelerated action 
removals, exclude data from field screening methods) will be used in the ecological 
risk assessment. The assessment will be confined to the area within the current \ 

RFETS boundary unless the on-site assessment indicates circumstances that could 
alter the conclusions of the off-site assessment performed earlier for OU 3 (DOE 
1996a). 

Soil will be assessed generally from the land surface to a depth below ground siii-hce 
tha t  is consistent wi th  both potential contamination and the depth to which mammals 
m a y  burrow i n  the RFETS environment (8 feet). 

The ERA portion of Llie CRA will consider ECOPCs i n  surface water, seclinienr, mid 
soil. The results of modeling the transport of gounciwatei- to surface water will be 
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compared to ESLs for aquatic, life. Further assessment will be performed for 
ECOPCs failing the screening-level assessinen t. 

Step 5: Develop a Decision Rule 

In addition to the decision rules cited for data adequacy i n  Section 3.0, decision rules that 
describe how the data will be evaluated for the ERA are listed below. 

The ECOPCs that pass through the screening process shown graphically on Figure 
7.3 will be evaluated in the risk characterization phase of the CRA. 

Non-PMJM Receptors 

For large-home range receptors (mule deer and coyote), if the Sitewide and EU- 
specific 95UCL (Section 7.4.1) of the mean does not exceed the NOAEL ESL or 
tESL and Professional Judgment indicates the ECOI should not be retained as an 
ECOPC, no further risk assessment is necessary for that exposure scenario and the 
results will be documented in the CRA Report. The decisions to eliminate ECOIs 
based on Professional Judgment will be made with Regulatory Agency input. 

For small-home range receptors (deer mouse, prairie dogs, kestrel, and mourning 
doves), if the EU-specific 95UCL 0.f the 90th percentile of the distribution of data 
(Section 7.4. I )  does not exceed the NOAEL ESL or tESL and Professional Judgment 
indicates the ECOI should not be retained as an ECOPC, no further risk assessment is 
necessary and the results will be documented in the CRA Report. The decisions to 
eliminate ECOls baszd on Professional Judgment will be made with Regdatory 
Agency input. 
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For terrestrial invertebrate receptors and plants, if soil ECOIs with EU-specific 
95UCL of the 90th percentile concentrations (Section 7.4.1) do not exceed the 
appropriate chronic ESL and Professional Judgment indicates the ECOI should not be 
retained as an ECOPC, no further risk assessment is necessary and the results will be 
documented in the CRA Report. 

For aquatic receptors, if sediment and/or surface water ECOIs with AEU-specific 95 
UCL of the 90th percentile concentrations (Section 7.4.1) do not exceed the 
appropriate ESL and Professional Judgment indicates the ECOI should n'ot be 
retained as an ECOPC, no further risk assessment is necessary and the results will be 
documented in the CRA Report. In addition, assessments will be performed to 
evaluate data from areas within the AEU that may be of concern because of the 
distribution of ECOI sampling and concentrations. Two sets of maps will be produced 
to be included in the assessment. ECOIs will be mapped when: 

. 

' 

, 

I .  The ECOI maximum concentration is greater than the ESL, but the 95 
percent upper confidence limit on the mean (UCL) or 95 percent upper 
tolerance limit (UTL) is less than' the ESL. 

2: The ECOI is detected at a frequency of less than 5 percent. 

The assessment will ensure that ECOIs that inay be of concern in ponds and other 
limited reaches of the watershed are properly evaluated. 

All receptorECOPC pairs that do not meet the decision rules discussed above will be 
carried into a risk characterization i n  consultation with the regulatory agencies. The 
risk characterization process will be documented in the CRA and inay include: 

- Tiered geospatial analysis; 
- Discussion of alternative TRVs; 
- Review of ECOPC bioavailabi1,ity; 
- 

- 

- 
- 
- 

Evaluation of Site-specific tissue data; 
Review of previous risk assessment data; 
Evaluation of potential Type I1 errors; 
Spatial variability of ECOPC concentrations; and 
Other pertinent techniques to further characterize risk. 

a 

PMJM Receptors 

Risks from ECOPCs to the PMJM receptor, within the designated PMJM habitat, w.iII 
be evaluated on a habitat patch basis. 'Sampling locations where the PMJM NOAEL 
ESL is exceeded will be'mapped. 

Those ECOPCs that do not meet the decision rules discussed above will be carried 
into a risk characterization process i n  consultation with the regulatory agencies to 
further characterize potential risk to the PMJM receptor. This process will be ' 

documented i n  the CRA and may include: 

- Geospatial analysis of data; 
- Review of tos i c i t y! bi oavai 1 ab i I i t y and other pole tit i  al expos ci i.e-moci i fy  i ti g 

I 
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factors ; 
Review of previous risk assessment data; 
Evaluation of potential Type I1 errors; and 
Other pertinent techniques to further characterize risk. 

- 
- 
- 

Step 6: Specifu Tolerable Limits on Decision Errors 

Several sources potentially contribute uncertainty to the CRA. Best professional judgment 
and input from the consultative process will be used for decisions regarding data gaps and 
risk management actions. The rationale and justification will be included in the CRA Report. 

For exposure areas that are evaluated based on the 95UCL of the mean, the Type I error rate 
is fixed at 5 percent regardless of data quality. For this evaluation, the  probability of a Type 
I1 decision error, which depends strongly on data quality, will remain undefined unless i t  is 
deemed necessary to define it in  order to adequately characterize risk in the CRA. 

For exposure areas that are evaluated based on the 95UCL of the 90Ih percentile of the 
distribution of soil concentration values, the Type I error rate should not be more than 5 
percent when the true 90th percentile is larger than the ESL. The Type I1 error rate will 
remain undefined unless it is deemed necessary to define it i n  order to provide adequate data 
to characterize risk in the CRA. 

Step 7: Optimize the Design 

Based on the iterative nature of the DQO process, any decision that is not consistent with 
projcc: goals wili result in a reinitiation of the DQO process. If determination of the nature 
and extent of analytes is found to be inadequate, further sampling will be initiated. li 
sampling power is determined to be inadequate for any given scenario and set of analyte data, 
more samples may be collected and the sampling power can be recalculated. 

7.2.5 Data Types and Adequacy 

The SCM suggests that ecological receptors may be exposed t o  ECOPCs in abiotic and 
biological media. Site data on ECOPC concentrations in soil, surface water, and sediments 
will be evaluated to support the CRA. Biological tissue analysis results will not be used in 
the initial phase of the CRA assessments. However, biologicai tissue analysis to desc'ribe 
potential uptake of ECOPCs into prey and forage species will be considered i n  the risk 
characterization phase. 

In addition to the data adequacy decision rules provided in Section 3. I S ,  the following 
guidelines will be used to evaluate adequacy of data for the CRA: 

Slmtkil Represeittc~tivizess: For an EU, a data set that consists of samples evenly 
distributed throughout the EU is considered spatially representative of the entire 
exposure area. For an AEU drainage, a data set that consists of samples that are 
located upstream, midstream, and downstream, and after confluences with other 
ci rai n ages is con si de red spatial I y rep rese 11 tat i ve . 

7e/ii~poni/ Rei~/-eseri.t~irtivrie.s.s: A data set that is composed of measurements niade i n  
the current time friiine (e.g., 200 I or later) is considered temporally representative; 
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however, if there are no trends i n  concentratio.ns over time, then data across all time 
periods is considered temporally representative. This guideline is only applicable to 
sediment and surface water because environmental forces are not expected to 
appreciably alter analyte’concentrations i n  surface soil over the course of 10- I5 years. 

’ 

The IABZSAP (DOE 2004a) identifies laboratory analytical methods to provide data with 
adequately low method detection limits (MDLs) and practical quantitation limits (PQLs) to 
allow meaningful comparison to ESLs in abiotic media. A table presenting these values will 
be provided in the CRA to indicate where detection limits are adequate for use. 

ECOPC concentrations in soil and sediment will be expressed as “total recoverable.” Risks 
to aquatic organisms are most strongly related to dissolved concentrations, but in  order to 
provide a thorough assessment, risks will be evaluated both for dissolved and total 
recoverable concentrations where appropriate. ECOPC concentrations in surface water will 
be appropriately compared to water quality standards for protection of aquatic life. Surface 
water data used to assess risks to wildlife drinking the surface water will be based on total 
recoverable (that is, unfiltered) analyses. Data on ECOPC concentrations in biological tissue 
were collected for the Draft Watershed ERA and associated studies. These data may also be 
used in a line-of-evidence approach to risk characterization after the ECOPC identification 
steps have been completed. Data adequacy will be evaluated as described in Section 3.1.5. 

In addition to the comparison of ESLs directly to analytical data in the ECOPC identification 
step, models may be used to estimate ECOPC concentrations in stormwater runoff from 
potentially contaminated soil and groundwater that may surface at seeps or in  streams. Both 
sources of water could contact aquatic biota or wildlife. 

Adhering to the specifications of the DQOs as outlined above will ensure thc adequacy of 
data for use i n  the ERA. In addition, the DQA will help ensure that the quality of data is 
consistent with WETS standards. 

7.2.6 Ecological Screening Levels 

As noted previously, identification of ECOPCs to be evaluated in detail in the risk 
characterization portion of the CRA will be based on a comparison of Site abiotic media 
concentrations to ESLs. ESLs for wildlife were developed based primarily on potential 
ingestion of ECOIs in abiotic media, forage, and prey, and the transfer of ECOIs among these 
media. The specific methodology for developing ESLs is presented in Appendix B. The 
following is an overview of the ESL calculation process for each of the environmental media. 

Soil 

EPA’s ecological soil screening levels (Eco-SSLs) (EPA 2003c) process was used as general 
guidance for developing soil ESLs or soil screening levels (SSLs). The Eco-SSL process 
outlines the acquisition of primary literature sources, followed by exlensive review and 
scoring of docuinents. 

As iiii a I tern at i ve to I h is I en gt h y and ti me-co n s 11 in i n 2 process, iiva i I a I) I e co nip i I at i o n s of 
TRVs from several sources were used extensively to obtain reliable i ind clelensible values. In 
orcier of preference, these sources include: 

so 



F i n d  Comprehensive Risk Assessment Work Plan and Methodology September 2005 
Revision I 

Ecological Soil Screening Level Guidance (EPA 2003~) ;  

U.S. Navy Soil Screening Levels (PRC 1998); and 

Oak Ridge National Laboratory (ORNL) (Sample et al. 1996). 

For a subset of ECOIs and for those ECOIs without previously published TRVs, a literature 
review was conducted to obtain relevant toxicity information. Only studies using chronic (or 
subchronic) exposure periods and measuring growth, development, reproductive, and 
mortality endpoints were selected for use in the calculation of ESLs. The data scoring and 
weighting system described in  the Eco-SSL guidance (EPA 2003c) was used to score the data 
and calculate the necessary TRVs for those ECOIs that underwent a literature review 
resulting i n  more than one applicable TRV. 

ECOIs with no or inadequate toxicity data available were identified and handled on a case- 
by-case basis with input from the regulatory agencies. 

No interclass extrapolations were used to extrapolate avian TRVs from mammalian 
endpoints. In addition, for those ECOIs that have only a LOAEL TRV available, the 
NOAEL TRVs we're estimated by dividing by IO. No estimates of LOAEL TRVs were 
made. 

For those ECOIs that have adequate TRV data available (that is, NOAEL and LOAEL values 
are available from toxicity studies), and meet the criteria specified in Appendix B, a tESL 
was also calculated by estimating the geometric mean between the NOAEL and LOAEL 
TRVs. 

For small receptors with small- to moderate-sized home ranges, average intake parameters, 
such as the ingestion rate of food, were used in the ESL calculation process. For larger, more 
wide-ranging receptors (that is, coyote and mule deer), high-end intake exposure parameters 
were used to provide a conservative estimate of food intake over the entire Site. ESLs for 
receptors that burrow (for example, prairie dogs) were applied to both surface and subsurface 
soil. A detailed discussion of the ESL calculation process is presented in Appendix B. 

For terrestrial plants and terrestrial invertebrates, benchmark ESLs were derived from several 
sources (Appendix B). These benchmark values are meant to be compared directly to soil 
concentrations to provide a general estimate of the potential for risk to the plant and 
invertebrate receptors. 

Sedirnerats 

For sediments, ESLs were developed for many chemicals and are available from several 
sources. Sediment ESLs are generally expressed as concentration terms and, therefore, 
require no calculations or assumptions. However, the assumptions underlying the 
dcvelopment of sediment ESLs were evaluated to determine consistency with uses at RFETS. 
A more detailed discussion of the sources uscd to identify sediment ESLs is provided in 
Appendis B. 

SI  
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Surface Water 

For surface water, ecotoxicologically based water quality criteria (WQC) are available from 
several sources. As a screening step, WQC were retrieved froin State of Colorado water 
quality standards, federal Ambient Water Quality Criteria, and other databases such as that 
from ORNL ( 1  994) and the Michigan Department of Environmental Quality (Rule 57), 
(MIDEQ 2003). A more detailed discussion of the sources of WQC is presented in Appendix 
B. 

No surface water ESLs were calculated for the ingestion of surface water by terrestrial 
vertebrates. It is recognized in Figure 7.2 that surface water ingestion by vertebrate species 
is a complete and potentially significant pathway for exposure to ECOPCs, and the ingestion 
of surface water pathway will be included in the risk characterization for those ECOPCs 
identified in the soil screening. However, following the example of the Eco-SSL guidance 
(EPA 2003c), the soil and prey tissue ingestion pathways were emphasized in the ECOPC 
identification process for terrestrial wildlife receptors. It is also assumed that the surface 
water ESLs that focus on ?quatic organisms are more sensitive values for use in identifying 
ECOPCs than vertebrate surface water ingestion ESLs. 

Given the conservative nature of the ECOPC screening for soil and food ingestion pathways, 
it is unlikely that an ECOI that was not identified as an'ECOPC for terrestrial vertebrates in 
soil would have a potential for risk from the ingestion of surface water due to the small 
proportion of water intake when compared to other potential exposure routes. The Draft 
Watershed ERA (DOE I995b) included the surface water ingestion pathway in the screening 
step for the mule deer and coyote receptors. That document concluded that no risk was 
present for those receptors inhabiting the Wornan Creek and Walnut Creek drainages. Tn 
general, the intake of ECOIs is less coinpared with the food web uptake of bioaccuinulative 
compounds. Several bioaccutnulative ECOPCs were evaluated i n  the Draft Watershed ERA. 

Risk estimations that included the ingestion of surface water showed that no risk was 
estimated for the large receptors at the Site. These data and results will be discussed and 
summarized in the CRA. Given that previous investigations have not predicted risk to even 
bioaccumulative compounds through the ingestion of food items, soil, and surface water, i t  is 
unlikely that the inclusion of the water ingestion pathway would alter the outcome of the 
ECOPC identification process. 

\ 

Radionuclides 

Soil benchmarks for radionuclides were developed for RFETS during the Draft Watershed 
ERA (Higley and Kuperman 1995). Since then, DOE'S Biological Dose Assessment 
Committee (BDAC) has developed additional procedures for assessing exposure and risk to 
terrestrial and aquatic biota using the RESRAD-BIOTA (DOE 2003b) computer code for 
calculating protectiveness. 

For some rxtionuclides, Higley and Kuperman values are higher (less conservative) than 
those c ;I I cii I a red cv i t h I he RES RAD- B TOT A p roced 11 res. However, for ter re s t r i a I an i ma 1 s the 
radiation exposure limit cited i n  RESRAD-BIOTA as protective of ecological receptors ( 1  
r d c l a y )  is IO-fold that assumecl i n  Higley and Kuperman (0. I r ~ i c l / d a y ) .  Values developed 
for eco I og icii I i.eceprors us i ng ei ther ap pi~oach were consi deixb I y hi gher t ha ti val lies actop ted 
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for managing radionuclide risks to human receptors at the Site. In most cases, soil criteria 
were two to three orders of magnitude larger. Therefore, if the Site is managed to protect 
human health and EPCs,are calculated using similar methods, then ecological receptors will 
be protected. This applies to special status species (for example, threatened or endangered) 
and nonthreatened or endangered receptor groups. 

An exception to the above is exposure to subsurface soil and surface water. For the human 
health assessment, the pathway to subsurface soil will not be evaluated in the IA because 
institutional controls prevent disturbance of soil; therefore, ESLs will be needed. For surface 
water, ecological benchmarks are lower than human health values for some radionuclides, 
primarily due to the higher use rate assumed in the calculations. RESRAD-BIOTA was used 
to calculate all of the radionuclide ESLs that will be used in the CRA. The ESLs are 
presented in Appendix B. 

a 

7.3 Sitewide Ecological Contaminant of Potential Concern Identification 

Action: Identify ECOPCs-for the CRA. 

A comprehensive list of Sitewide ECOPCs will be developed for the CRA based on data 
representing conditions after accelerated actions. ECOIs identified in Appendix B will form 
the starting point for the ECOPC identification process shown on Figure 7.3. The ECOPC 
screen will use maximum concentrations for potentially toxic analytes (that is, analytes that 
are not nutrients, such as calcium, potassium, and sodium). 

6 

The entire Sitewide database will be queried, filtered by media, and subjected to a DQA 
screen (Section 3.1 S )  to identify which data meet the needs of the DQOs discussed in the 
previous section. Following the DQA screen, two data sets will be created for each EU for 
soil. One will include all EU data; the other will include only sampling locations in PMJM 
habitat within the EU. For the AEUs, AEU-specific databases will be created for surface 
water and sediment. For each data set, “U-” qualified nondetects will have one-half the 
reported result concentration substituted. Basic descriptive statistics will then be calculated, 
such as number of samples, percent detections, maxiniuin detections, mean detection, and 
standard deviation. 

Soil data i n  each data set will be compared to NOAEL-based ESLs. If the maximum 
detected concentration of the  ECOI does not exceed the NOAEL-based ESL, risks will be 
considered negligible, the ECOI will be dropped from further analysis i n  the CRA and the 
rationale for removing it from further analysis will be recorded and presented in the CRA 
Kepoit. If  the maxiinuni detected ECOT concentration i n  the PMJM habitat data set exceeds 
the NOAEL-based ESL, i t  will be retained as an ECOPC for the PMJM. 

ECOIs that have detected concentrations greater than the NOAEL-based ESL in the EU or 
AEU data set will undergo further analyses on an EU-specific or AEU-specific basis to 
determine their status as ECOPCs. 
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7.3.1 Non-Preble's Meadow Jumping Mouse Receptors I 
The radionuclide and metal ECOIs for non PMJM receptors passing the 5 percent screen will 
then be statistically compared to background concentrations, as appropriate, using the 
methods discussed i n  Section 4.4.8. A determination of whether the tESL can be reliably 
calculated was conducted (Appendix B). For those ECOIs that have adequate TRV data 
available, the tESL was calculated using the geometric mean between the NOAEL and the 
LOAEL ESLs. The tESL will then be used i n  the ECOPC screening process. For those 
ECOIs for which no tESL can be calculated, the NOAEL ESL will be used in the EPC step 
of the ECOPC screening process. 

For the small-home range receptors, the 95UCL of the 90'" percentile for each EU will be 
used as the EPC in the screening process. For the receptors with large home ranges, the 
95UCL of the mean for each EU and also the Site as a whole will be used as the EPCin the 
screening process. 

Any ECOI that fails the EPC comparison shown on Figure 7.3 will be evaluated using best 
professional judgment as to its potential to cause risk to wildlife receptors at the Site. This 
decision, or scientific management decision point (SMDP), will be made in cooperation with 
regulatory agency personnel. The determination will consider process knowledge and spatial 
and temporal factors, as well as the physical and chemical properties of the ECOI as they 
pertain to the potential for risk'to the wildlife receptors at the Site (EPA 1997b). The 
Professional Judgment process is described in Section 4.4.9. Those ECOIs that pass the 
EPC comparison step shown on Figure 7.3 and Professional Judgment indicates the ECOIs 
should not be retained as ECOPCs, will be dropped from further analysis and documented i n  
the CRA Report. 

7.3.2. Preble's Meadow Jumping Mouse Receptors 

All ECOIs that exceed the NOAEL SSL for the PMJM within PMJM habitat (that is, 150- 
foot USFWS buffer [Figure 7.61) will be compared to background concentrations using the 
methods discussed in Section 4.4.8. If it is determined that concentrations of the ECOI in 
PMJM habitat in an EU do not statistically exceed background concentrations of the ECOI, 
the ECOI will be reviewed in consultation with the regulatory agencies for removal from the 
ECOI list. The ECOIs eliminated from further consideration in this step will be documented 
and discussed in the uncertainty section of the CRA Report. The ECOIs that remain will be 

'carried forward and evaluated using Professional Judgment as described for non-PMJM 
receptors in Section 7.3.1. The Professional Judgment process is described in Section 4.4.9 
The ECOPCs will be discussed in detail in the risk characterization section of the CRA 
Report. 

The output from the  EU or AEU ECOPC screen will be a list of ECOPCs i n  PMJM habitat 
and a list of ECOPCs for representative eco'logical receptors at the Site. The ECOPCs 
identified i n  these lists will be carried forward through the risk characterization process 
described i n  the following section. All steps i n  the process will be documented i n  the CRA 
Report. 

' 
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7.4 Risk Characterization Process 

The screening-level assessment described earlier defines the process for making preliminary 
decisions about potential risk, such as the identification of ECOPCs. The risk 
characterization process will define a range of potential risks to on-site receptors from the 
ECOPCs. 

Characterization of risk will focus on the overall results for each assessment endpoint. The 
overall risk will be summarized for each receptor group and level of biological organization 
(that is, individual or population level of protection), as appropriate for the assessment 
endpoints. As noted by EPA ( 1  997b), a well-balanced risk characterization should “...present 
risk conclusions and information regarding the strengths and limitations of the assessment for 
other risk assessors, EPA decision-makers, and the public.” 

Risk charactei-ization has two main components: the risk estimation and the risk description. 
The risk estimation will summarize results of the analysis, identifying the receptors and 
ECOPCs and a range of potential risks and the IocationsEUs where risk may be present. 
The risk description will then provide context for the analysis, including the proportions of 
Sitewide habitats that are affectcd, and interpretation of overall results including data from 
the Draft Watershed ERA. 

Potential risks to terrestrial plants, invertebrates, birds, and mammals will be evaluated using 
a hazard quotient (HQ) approach. An HQ is the ratio of the estimated exposure of a receptor 
to a TRV that is associated with a known level of toxicity, either a no effect level (NOAEL 
or NOEC) or an effect level (LOAEL or LOEC): 

HQ = Exposure / TRV , 

The units used for exposure and TRV depend upon the type of receptor evaluated. For plants 
and invertebrates, exposures and TRVs are expressed as concentrations (mg/kg soil). For 
birds and mammals, exposures and TRVs are expressed as ingested doses (nig/kg/BW/day). 
The Methodology and input parameters that will be used to calculate ingested doses are 
provided in  Appendix B. 

In general, if the NOAEL-based HQ is less than I ,  then 110 adverse effects are predicted. If 
the LOAEL-based HQ is less than 1 but the NOAEL-based HQ is above I ,  then some 
adverse effects are possible but i t  is expected that the magnitude and frequency of the effects 
wilt usually be low (assuming the magnitucie and severity of the response i t  the LOAEL are 
not larze and the endpoint of the LOAEL accurately reflects the assessmeni endpoints for 
t h a t  recel?tor). I f  the LOAEL-based HQ is greater tlian or equal to 1 ,  then the r i s k  of an 
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adverse effect is of potential concern, with the probability and/or severity of effect tending to 
increase as the value of the HQ increases. 

When interpreting HQ results for non-PMJM ecological receptors, i t  is important to 
remember that the assessment endpoint to non-PMJM receptors is based on the sustainability 
of exposed populations, and risks to some individuals i n  a population may be acceptable if 
the population is expected to remain healthy and stable. For threatened and endangered 
species, such as the PMJM, the interpretation of HQ results is based on potential risks to 
individuals rather than to populations. 

The risk description will incorporate results of the risk estimates along with the uncertainties 
associated with the risk estimations and other lines of evidence to evaluate potential chemical 
effects on ecological receptors. Information considered in the risk description includes 
receptor groups potentially affected; type of TRV exceeded (e.g., NOAEL versus LOAEL); 
relation of EU concentrations to other criteria such as EPA EcoSSLs; and risk above 
background conditions. In addition, other site-specific and regional factors are considered 
such as the use of a given ECOPC within the EU or AEU related to historical RFETS 
activities; comparison of ECOPC concentrations within the EU or AEU to the rest of the 
RFETS site as it relates to background; and/or comparison to regional background 
co wen t r a t ions. 

The following sections describe the process for conducting the ecological risk 
characterization in the CRA for the Site. Two separate approaches will be used in the CRA 
depending on the status of the habitat designation. The risk characterization process for 
those areas defined as non-PMJM habitat is presented i n  Section 7.4.2, while the risk analysis 
process for the PMJM habitat area is presented i n  Section 7.4.3. 

6 

e 

7.4.1 

Exposures to terrestrial ecological receptors will be calculated based on the EUs described 
for human health (Figure 4.1). 'Wide-ranging species that generally utilize areas larger than 
the EUs (that is, coyote and mule deer) will also be addressed using Sitewide data. The EUs 
are reasonable aggregations of common source areas, hydrological systems, and habitat for 
assessing ecological risk. Exposure to aquatic receptors will be calculated on an AEU- 
specific basis and may be evaluated for ponds or other limited reaches within the AEU. 

For wide-ranging receptors, some high-end intake exposure parameters will be used to 
estimate exposure to the highly exposed individual rather than the av.erage individual, These 
parameters are discussed in detail i n  Appendix B. Risks to these high-end receptors will be, 
evaluated using upper-hound EPCs. EPCs will be estimated using the tiered geospatial 
approach described i n  Section 4.6. 

The in i t i a l  analysis of risks to ecological receptors will use the Tier 1 method of the 
geospatial approach. Data are treated as if they are randomly located and each sample is 
weighted equally. The risk culculations based on Tier I will tend to be conservative (that is, 
will tend 1.0 overestimate risks) when the data set is biased toward areas with elevated 
conlamination (common at RFETS). I f  an area is identified as being of potential concern 
using the Tier I approach? then Tier 2, area averaging, will be applied to derive a more 

Definition of Exposure Units and Calculation of Exposure Point Concentrations 
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realistic estimate of risk. The Tier 3 kriging approach will only be implemented as needed 
after an initial analysis using Tiers 1 and 2. 

The Tier 2 approach will be applied as  described i n  Section 4.6. However, the grid means 
will be used to calculate a 95UCL or estimate the 90‘” percentile of the distribution of grid 
means depending on the receptor. The 95UCL of the 90“’ percentile will also be estimated. 
Statistical methods described in Section 4.0 will also be applied for the calculation of the. 
ecological EPCs. 

Data distribution testing will be performed for all ECOPCs retained following the ESL 
screen to aid i n  deciding the statistical test to use for comparisons to background and 
calculation of the EPCs. Testing will be conducted using the methods specified in Section 
4.4.7, using the ProUCL (Version 3.0) computer program (Singh etfal. 2004). The ProUCL 
recommendations will be used in all cases. Program printouts of results will be presented in 
the CRA Report. The assigned distribution will then be used to determine the appropriate 
test for background comparisons, estimate a 95UCL concentration, and calculate the 95UCL 
of the 90‘h percentile. 

The one-sided 95UCL for use as an EPC for large-home range receptors will also be 
calculated using the ProUCL software, as detailed in Section 4.6.1. The 95UCL of the 90th 
percentile of the appropriate distribution (normal, lognormal, gamma, or nonparametric) for 
use as an EPC for small-home range receptors will be calculated using S-Plus (Version 6.1) 
(Insightful Corporation 2002) statistical software. The tiered approach specified in  Section 
4.6 will be used. 

For PMJM, sampling locations within PMJM habitat ir, each EU will be evaluated separately 
(Section 7.4.3). For the PMJM default exposure scenario, and any alternate scenarios 
evaluated in the Uncertainty Analysis, the 95UCL of the mean for each habitat patch will be 
used as  the EPC. In cases where sampleddata from within a specific PMJM habitat pakh are 
not available, adjacent sample locations may be assumed to be within the habitat patch. Or, if 
it can be determined that PMJM habitat patches from within the same EU (i.e., contiguous 
with habitat patches without data) are expected to represent similar chemical characteristics, 
then habitat patches from within the EU may be combined for the assessment. Assumptions 
for data aggregation will be,determined with Regulatory Agency input. Data assumptions and 
uncertainties will be discussed in the uncertainties section of the CRA. 

7.4.2 Risk Characterization Process for Nonthreatened or Endangered Species 
Receptors 

Risk characterization for non-PMJM receptors will be conducted in the CRA, following the 
procedures shown on Figure 7.4, for those ECOPCs identified in the screening process 
described i n  Section 7.3. 

The analyses clescribed i ti this section apply to all nonthreatened or endangered species. The 
analysis will be conducted separately for each receptor, based on data on ECOPC 
concentrations i n  abiotic media I’rom habitats appropriate for each receptor. Data will be 
aggregated: ;IS describeci above from E U  or AEU saniples, and appropriate EPCs will be 
calciilated. Concentrations at each location will be mapped and cornpat-ed to RFETS 
backgi.ountl concenti~ations 10 cletet~niine whether the Site represents i ncreniental risk. 
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Figure 7.4 CRA Risk Characterization Process for the Non-PMJM Receptor 

ECOPCs (Fig. 7.3) 'for 
Non-PMJM receptors 

Analysis conducted for each 
EU and ECOP#receptor pair 'I 
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3. Additional lines of evidence: 
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If so, additional risk characterization will be performed using additional lines of evidence, 
such as Site ecological monitoring studies, Draft Watershed ERA data, or other applicable 
sources to determine whether other data suggest risk. 

An analysis of potential data gaps will be conducted for ECOPCs that represent significant 
risk. If additional data are deemed to be necessary to reduce the uncertainty in the risk 
analysis to an acccptabie level, the types of data will be identified and collected. 

For exposure scenarios directed at surface soil, data from no deeper than 6 inches will be 
used. Surface soil samples in the database include a variety of depth intervals (for example, 
surface scrape, 0 to 2 inches, and 0 to 6 inches). Whenever available, the depth intervals for 
surface soil data will be documented for each location to help interpret risk. 

Subsurface soil data (from more than 6 inches below the surface) are also available for a 
variety of depth intervals. Subsurface data will be reviewed for a concentration gradient that 
increases with depth. In areas where concentrations of ECOPCs are greater in subsurface 
soil than in  surface soil (based on known sources of subsurface contamination), risks will be 
characterized to burrowing receptors (that is, prairie dog) to the depth at which the increasing 
concentration gradient ceases or at a maximum depth of 8 feet, whichever is encountered 
first. 

- 

7.4.3 Risk Characterization Process for the Preble's Meadow Jumping Mouse 
Receptor 

ECOPCs identified for thc PMJM receptor (Figure 7.3) will be subjected to a more 
consei-vativc risk characterization proccss t h a n  {hose identified i n  the non-PMJM habitats due 
to the regulatory status of the PMJM. Section 7.3 discusses the process to be used to 
determine the list of ECOPCs to be included i n  the risk characterization for the PMJM 
(Figure 7.5). 

The EUs and PMJM habitat are illustrated on Fig& 7.6. PMJM habitat may be modified 
due to changes in the final configuration of the IA drainages. Appropriate changes to the 
evaluation of risk to the PMJM will be incorporated through the consultative process with the 
regulatory agencies. For each ECOPC identified for risk characterization in  the PMJM 
habitats i n  each EU, maps will be prepared to identify the sampling locations in PMJM 
habitat for which ECOPC concentrations exceed the NOAEL-based ESLs and display the 
magnitude of exceedance of the ESL. Geospatial statistical techniques will be employed to 
visualize the areas of potential risk to the PMJM. These maps will aid in the identification of 
habitat patches that will be rccommended for further assessment. Concentrations will be 
coinpared to RFETS background concentrations to determine whether the location represents 
addl t i on a1 1-i s k above n at ii I - a l  co ndi ti ons . 
These maps will be reviewed i n  consultation wi th  the regulatory agencies to determine 
whether additional risk characterization is required. The major goal of the first agency input 
step is to identify patches of habitat tha t  can be priinarily used to aggregate data into . 

groiipings t h a t  could imsonably be expected lo represent home ranges of individual PMJM 
and identify subpopiilations. Aggi-egalecl data will be used to calculate upper-bound 
ex 110s 11 I-e concen I ra t  i o ti s . 
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Figure 7.5 CRA Risk Characterization Process for the PMJM Receptor 
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Based on consultation with thc regulatory agencies and best professions! judgment, decisions 
will be made regarding acceptable risk levels for the PMJM. Risks will be categorized as 
acceptable or unacceptable for the PMJM habitat. The rationale and justification will be 
documented in the CRA Report. Additional data may also be collected if data gaps are 
evident. A detailed evaluation of data adequacy will be provided prior to the determination 
of the potential for risk. The results of this decision point and the uncertainties associated 
with the potential risk to the PMJM will be discussed in detail, i n  the CRA Report. 

7.4.4 Uncertainty 

The objective of the uncertainty analysis for the ERA is to identify and characterize the 
sources of uncertainty, and the potential effects on risk management decisions for the Site. 
The uncertainty analysis will also identify the methods by which uncertainty for various 
sources were accounted for in the analysis. These uncertainties are driven by uncertainty in 
the Site investigation data, likelihood of hypothetical exposure scenarios, transport modes 
used to estimate concentrations at receptor locations, receptor intake parameters, and toxicity 
values used to characterize risk. 

Sources of uncertainty can be related to systematic and natural variability and lack of precise 
knowledge regarding key chemical and physical properties. Variable parameters are those 
that reflect heterogeneity i n  a well-characterized population, for which the distributions 
would not gencrally be narrowed through further measurement or study. Certain parameters 
reflect a lack of information about the behavior or toxicity of chemicals in the system. The 
uncertainty analysis for the ERA will be largely qualitative, identifying the primary sources 
and ranking their potential importance. Quantitative estimates of uncertainty are 
incorporated through estimates of variability i n  the data. 

Uncertainty will be summarized for the primary components from which different kinds of 
uncertainty derive: sources of variability (that is, natural and systematic) in data, exposure 
assessment parameters, uncertainty about ECOPC toxicity thresholds, and the overall risk 
characterization. 

8.0 COMPREHENSIVE RISK ASSESSMENT REPORT ORGANIZATION 

The CRA Report will contain 15 volumes. The CRA Report will be included in the RVFS as 
an appendix. 

V o I u m e 1 

1 .O Introduction 

2.0 , Site Description 

3.0 Data Evaluation 

4.0 

5.0 

Volume 2 

I .O Introduction m c l  Piiipose 

Exec 11 ti ve S LI in in ary 

H ~ i i i ~ i  Health Risk Assessment Overview 

Ec o I og i c a I R i s k Assess men t 0 ve r v i e w 

Site Description and Data Evaluation 
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Summary of the OU 3 Risk Assessment 

Risk Assessment for the West Area Exposure Unit 

1 .o 
2.0 

3 .O 

4.0 

5 .O 

6.0 

7.0 

8.0 

9.0 

10.0 

11.0 

12.0 

13.0 

The West Area Exposure Unit  

Human Health Contaminants of Concern 

Human Health Exposure Assessment 

Human Health Toxicity Assessment 

Human Health Risk Characterization 

Uncertainty Analysis 

Ecological Contaminants of Potential Concern 

Exposure Assessment , 

Toxicity Assessment 

Ecological Risk Characterization 

Uncertainty Analysis 

Summary and Conc I us i o ti s 

References 

Attachment 1 Detection Limit Screen 

Attachment 2 Data Quality Assessment , 

Attachment 3 Statistical Analyses and Professional Judgment 

Attachment 4 CRA Analytical Data Set 

Volume 4 

Volume 5 

Volume 6 

Volume 7 

Volume 8 

Volume 9 

Volume I O  

Volume I 1 

Volume 12 

Volume I3 

Volume 14 

Risk Assessment for the Rock Creek Drainage Exposure Unit 

Risk Assessmelit for the Inter-Drainage Exposure Unit 

Risk Assessment for the No Name Gulch Drainage Exposure Unit 

Risk Assessment for the Upper Walnut Creek Drainage Exposure Unit 

Risk Assessment for the Lower Walnut Creek Drainage Exposure Unit 

Risk Assessment for the Wind-Blown Area Exposure Unit 

Risk Assessment for the Upper Woman Creek Exposure Unit 

Risk Assessment for the Lower Woman Creek Exposure Unit 

Risk Assessment for the Southwest Buffer Zone Exposure Unit 

Risk Assessment for the Southeast Buffer Zone Exposure Unit 

Risk Assessiiient lor h e  Industrial Area Exposure Uni t  
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Volume 15. 
Receptors 

Risk Assessment for- Aquatic Receptors and Wide-Ranging Ecological 
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8.1 Schedule 

The schedule for completion of the Draft CRA is presented in Table 8.1. 

Table 8.1 Completion Schedule for the Draft CRA 
Task 

Complete CRA Work 
Plan and Methodology 
(Methodology) 

Develop ESLs for 
ecological rcceptor 

Complete clata adequacy 
a\ses5men I 

Pi-epre ecological 
;iccelcratcd action screen 

Dcvclop a draft 
aiinotaiecl outline of the 
Draft CRA 

Completc HHRAERA 
01' one EU 

Complete HHRAERA 
for two aclditional EUs 

Description 
The Methodology guides 
performance of the CRA. It 
describes the exposure scenarios 
and pathways, EUs, DQOs, and 
exposure assessment methods. 

ESLs are being developed for the 
analytes listed on Table 3 of 
Attachment 5 of RFCA. 
Existing data will be analyzed 
spatially to determine whether 
additional targcted sampling i s  
requircd to support the CRA. 

Site data will be screened for 
accclerated action using ecological 
assessment endpoints. 
The outline will follow the  format 
included in the Draft CRA 
Methodology. It will describe, in  
brief form, information that will be 
included in the Draft CRA. 
Data currently being collected for 
the 30-acre grid sampling will be 
used to perform a complete 
assessment of one of the EUs on 
thc western side of RFETS. 
Data currently being collected for 
the 30-acre grid sampling will be 
used to oerform assessments for 

Dependencies 
Approval of the Methodology includes screening- 
level PRGs for the HHRA, and ESLs for the 
ERA. The ESLs will also be used in the 
ecological accelerated action screen. The DAR 
and the start of the CRA depend on approval of 
the Methodology. 
Performance of the ERA, as well as accelerated 
actions, depends on completion of the ESLs. 

Completion of the data adequacy assessment is 
required to support complction of the Draft CRA. 
If the data adcquacy assessment shows that 
targeted sampling is required, an addendum to the 
IABZSAP will be developed to support a 
sampling effort during the spring and summer of 
2004. 
Accelerated actions must be completed so 
residual risk can be characterized. 

Subsequent input to the Draft CRA will conform 
to the annotated outline. It will also be used for 
the Preliminary Draft RIES. 

This assessment will be included in the 
Preliminary Draft RIES. 

The results will be included in the Draft RI/FS. 

Deliverable 
Final CRA Work 
Plan and 
Methodology 

Draft Ecological 
ESL Methodology 

Targeted Sample 
SAP 

Noqe 

Draft CRA 
Annotated Outline 

Draft risk 
assessment of one 
EU 

Draft risk 
assessment of two 
EUs 

Completion Date 
September 2004 

August 2004 

October 2004 

December 2004 

August 2004 

October 2004 

December 2004 
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Table 8.1 Completion Schedule for the Draft CRA 
Task 

Coin p I e te ti u in an heal I ti 
assessment for remaining 
EUs 

Complete the Draft CRA 

Description 
two additional EUs 
Additional EUs will be made 
available for review as they are 
completed. 

This includes the complete analysis 
of ecological and human health 
risk for all EUs from 
contamination remaining following 
remedial actions. The assessment 
will be performed progressively 
with interim deliverables to be 
determined but sufficient that the 
agencies can review analyses prior 
to issuance ofthe Draft CRA. 

Dependencies 

All accelerated actions must be completed in  the 
OU; data gap analysis is complete and confirms 
data adequacy for both huinan health and 
ecological recentors. 
Completion of the Draft CRA requires analysis of 
the human health and ecological exposure 
pathways across all EUs. Also, remediation and 
confirmation sampling needs to be completed to 
the extent determined adequate by DOE. 

Deliverable 

Draft risk 
assessments of 
remaining EUs . 

Draft CRA 

Comdetion Date 

November 2004 - 
J u l y  2005 

September 2005 
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CDPHE 

COC 

CRA 

DOE 

EPA 

EU 

HQ 

g / w  
IGD 

PRG 

RfD 

RFETS or Site 

RMA 

VF 

WRW 

RFCA 

ACRONYMS 

Chemical Abstract Service 

Colorado Department of Public Health and Environment 

contaminant of concern 

Comprehensive Risk Assessment 

U.S. Department of Energy 

U.S. Environmental Protection Agency 

exposure unit  

hazard quotient 

grams per milligram 

Implementation Guidance Document 

preliminary remediation goal 

reference dose 

Rocky Flats Environmental Technology Site 

Rocky Mountain Arsenal 

volatilization factor 

wildlife refuge worker 

Rocky Flats Cleanup Agreement 
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95UCL 

"C 

cm 

cm2 

cm3 

cm'lcm' 

daylyr 

ft 

dkg 

g / w  

hr 

hrlday 

kg 

k glni ' 
kglm g 

Llday 

Llhr 

in 

m ' 
m3/p g 

m3/day 

nlR/hr 

m'lkg 

ni - y r/ k g -d a y 

mglcm' 

mg/c m ' -e  ven t 

mg/d a y 

mglkg 

UNIT DESCRIPTIONS 

upper confidence limit of the mean at a 95 percent level 

degrees Celsius (or Centigrade) 

centimeter 

square centimeter 

cubic centimeter 

cubic centimeter per cubic centimeter 

days per year 

foot 

grams p,er kilogram 

grains per milligram 

hour 

hours per day 

kilogram 

kilograms per cubic meter 

kilograms per milligram 

1 i ters per day 

liters per hour 

meter 

cubic meter 

cubic meters per microgram 

cubic meters per day 

cubic meters per hour 

cubic meters per kilogram 

cubic meter-year per kilogram-day 

ni i I I i g ra in s per sq LI are ce ti I i in e ter 

iii i I I i gi-anis per sq LI are cent i me ter-eve ti 

mi I 1  igrams per day 

milligrams per kilogram 

. . .  
I l l  
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mg/kg-day 

(mg/kg-day)" 

mg/kg BW/day 

mg/kg B W/day " 

mg/L 

mg/m3 

mg- yr/kg-day 

pCi 

pCi/g 

pCi/L 

96 

rad/day 

ri s k/pCi 

ris k/yr/pCi/g 

risk/( mg/kg-day) 

Yr 

y r/pC i/g 

yr-pCi/g 

UNIT DESCRIPTIONS 

mil 1 igrams per ki logram-day 

one divided by (mg/kg-day) 

milligrams per kilogram per body weight per day 

one divided by (mg/kg BW/day) 

milligrams per liter 

milligrams per cubic meter 

milligram-year per kilogram per day 

picocurie 

picocuries per gram 

picocuries per liter 

percent 

rad per day 

risk per picocurie 

risk per year per picocurie per gram 

risk per milligrams per kilogram-day 

year 

years per picocurie per gram 

year-picocurie per gram 

micrograms per kilogram 

micrograms per liter 

I \' 
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1.0 INTRODUCTION 
Human health-based screening-level preliminary remediation goals (PRGs) have been 
developed for the wildlife refuge\worker (WRW) for organics, inorganics, and radionuclides 
i n  surface soil, subsurface soil, surface water, and groundwater (volatilization pathway). 
These PRGs will support the selection of human health contaminants of concern (COCs) i n  

exposure units (EUs) for the Draft Comprehensive Risk Assessment (CRA) for the Rocky 
Flats Environmental Technology Site (RFETS or Site). The PRGs for surface soil presented 
in the Rocky Flats Cleanup Agreement (RFCA) Appendix N of Appendix 3, Implementation 
Guidance Document (IGD) (DOE et al. 1996 [as modified]), were used as the basis for the 
PRGs to be used in the CRA. Specifically, the following sets of PRGs were developed: 

0 The PRGs for organics, inorganics, and radionuclides in surface soil for the WRW 
presented here are different from those presented in RFCA, IGD, Appendix N (DOE et 
al. 1996 [as modified]), due to reduced exposure frequency to surface soil. The PRGs are 
based on ingestion, inhalation, and external exposure from surface soil. These PRGs will 
support the development of surface soil and sediment COCs for the CRA. 

0 Screening-level PRGs for organics, inorganics, and radionuclides in subsurface soil using 
the WRW exposure scenario. The PRGs are based on the ingestion, inhalation, and 
external exposure from subsurface soil. These PRGs will support the development of 
subsurface soil COCs for the CRA. 

0 Screening-level PRGs for organics, inorganics, and radionuclides i n  surface water using 
the WRW exposure scenario. The PRGs are based on the ingestion of surface water. 
These PRGs will support an assessment of the surface water ingestion pathway, including 
groundwater contributions and COCs for the CRA. 

0 Screening-level PRGs for volatile organics i n  subsurface soil and groundwater using the 
WRW exposure scenario. The PRGs being derived are based on the inhalation of volatile 
organics from subsurface soil and groundwater. These PRGs will support an assessment 
of volatile organics i n  subsurface soil and groundwater and COCs for the CRA. 

The following sections further discuss the derivation of the screening-level PRGs, along with 
the applicable exposure parameters, PRG equations, and PRG values. The screening-level 
PRGs were derived using these PRG equations with the applicable PRG parameters. A 
description of the derivation of the surface soil PRGs is presented in RFCA, IGD, Appendix 
N. Toxicity factors, including inhalation and ingestion slope factors and reference doses 
(RfDs), are also found in Appendix N.  

1..1 

The WRW surface soil exposure scenario consists of the following pathways: ingestion of 
surface soil, inhalation of dust (outdoors), and dermal contact for nonl-3cliotiuclides for ;:I 

WRW workit1.g at  the Site for an average of 18.7 years, spending 230 clays per year, 4 hours 
per clay exposed to surface soil. The outdoor inhala(ion pathway is iissessecl for volatiles ;IS 

released from‘ the soil and nonvol~itiles released, as fugitive dust. The scenario assumes the 
worker will be performing soil contact-inlensive activities. This scenario includes all 

Surface Soil Screening-Level Preliminary Remediation Goals 

A- I 
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complete and significant exposure pathways included in the site conceptual model and 
parameter assumptions that were evaluated in the Task 3 Report and Appendices: Calculation 
of Surface Radionuclide Soil Action Levels for Plutonium, Americium, and Uranium (EPA 
et al. 2002). The values calculated for radionuclides in  the Task 3 report were used without 
modification. For all other analytes, the exposure time was reduced from 250 days per year 
to 230 days per year to account for 20 days of subsurface soil exposure (Section 1.2). PRGs 
were calculated for both a 1 x 
conservative of the two values is chosen for the PRG. 

September 2005 
Revision 1 

risk and a hazard quotient (HQ) of 0.1. The more 

Oral cancer slope factor - radionuclides 
External cancer slope factor - 
radionuclides 

CSFsoil risk/pCi radionuclide-specific 

CSFe risWyrlpCilg radionuclide-specific 

1.1.2 Surface Soil Preliminary Remediation Goal Equations 

Thc following equations wese used 10 derive the SLII.C~ICC: soil PRG valucs: 

A-2 
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Noncarcinogenic Preliminary Remediation Goal = 

((THI x ATnc(yr) x 365(day/yr)) / (IRwss(mg/day) x EFwss(day/yr) x EDw(yr) x 
(kg/mg) x l/RfDo(mg/kg-day) x l/BWa(kg))) + (JRaw(m3/hr) x EFwss(day/year) x EDw(yr) 
x ETo-w(hr/day) x I/PEF (m’kg) x l/RfDi(mg/kg-day) x l/BWa(kg) x (ETFo-w + 
(ETFi-w))) + (SAw(cm’) x AFw(mg/cm’-event) x EFwss(day/yr) x EDw(yr) x ABS x 
EVw(events/day) x l/RfDo(mg/kg-day) x lO-‘((kg/mg) x l/BWa(kg)) 

Carcinogenic Preliminary Remediation Goal = 

((TR x ATc(yr) x 365(day/yr)) / (IRwss(mg/day) x EFwss(day/yr) x EDw(yr) x 
x CSFo(risk/mg/kg-day) x l/BWa(kg))) + (IRaw(m3/hr) x EFwss(day/yr) x EDw(yr) x 
ETo-w(hr/day) x I/PEF (m3/kg) x CSFi(risWmg/kg-day) x l/BWa(kg) x (ETFo-w + 
(ETFi-w))) + (SAw(cm2) x AFw(mg/cm’-event) x EFwss(dsy/yr) x EDw(yr) x ABS x 
EVw(events/day) x CSFo(risk/mg/kg-day) x 10-6(kg/mg) x I/BWa(kg)) 

Radionuclide Carcinogenic Preliminary Remediation Goal = 

(TR / (IRwss(mg/day) x CSFsoil(risk/pCi) x 1Oe3(g/rng) x EFwss(day/yr) x EDw(yr)) + 
(IRaw(m’/hr) x l/PEF(m3/kg) x CSFi(risk/pCi) x 1000(g/kg) x EFwss(day/yr) x EDw(yr) x 
ETo-w(hr/day) x (ETFo-w + ETFi-w))) + (CSFe(risk/yr/pCi/g) x 
EF_wss(day/yr)/365(day/yr) x ETo_w(hr/day)/24 x ED-w(yr) x ACF) x ETFo-w x GSF 

(kg/mg) 

1.1.3 Surface Soil Screening-Level Preliminary Remediation Goal Values 

Table A - 2 presents the surface soil screening-level PRG values. 

Table -4-2 

A-3 
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Table A-2 

Units 

uglkg 
uglkg 
uglkg 
uglkg 
uglkg 
ug/kg 
uglkg 
ug/kg 

ug/kg 

uglkg 
ug/kg 
uglkg 

uglkg 

uglkg 
uglkg 
uglkg 
uglkg 

ui?kg, 

uglkg 
uglkg 
uglkg 

uglkg 

uglkg 

uglkg 
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3 19-84-6 

3 19-85-7 

3 19-86-8 

58-80-9 

Hexaclilorocpclolicxanc, alpha 

Hcxaclilorocpclolicx~iiic, beta 
(a1 pha-I3 I iC)  

(bcta-H HC) 
I-lesach lol-ocpcl OIlCSillll), dclt a 
(tlcl13- I3 1-1 C) 
I-lcx~lclllorocpclohcxanc. 
g~l111111:1 (gal1lm:l- I3 1-1 C) 

Table A-2 

S70 570 , w g  

I905 I905 @kg 

U g k g  

28868 277 I 277 I u g k g  

A-6 
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CAS Number 

608-73- I 

77-47-4 
34465-46-8 

1 

Analyte 

Hexachlorocyclohexane, 
Technical (Lindane) 
Hexichlorocyclopentadiene 
Hexachlorodi benzo-p-dioxin 
Hexachloroethane 

WRW 
Noncarcinogenic 

Soil PRG HQ = 0.1 

380452 

Indene( 1,2,3-cd)pyrene 
Iron 

0.48 

Li tlii um 

0.48 I ug/kg 

Mercury 
Methoxychlor 

I Methyl methacrylate 
Methyl tert-butyl etlier 
Methylene chloride 

Naphthalene 
Nickel (soluble) 
Nitrate 

N- Nitrosodi-N-propylainine 
N-Nitrusodiplien)’laminc 
N- N itrosopyrrol id i i ic 
Octahydro- I ,3,5,7-tetranitro- 
I ,3,5,7-tetrazocine (HMX) 
Oxainyl (vydatc) 
o-Xylene 
Parathion 
Pentachlorobenzerie 
I’entacliloroplienoI 
Phcnanthrene 
Phcnol 
Picloram 
p-Nitrotoluerie 
p-X ylcne 

Sclcni 11 111 
Si I vcr 
Si niazinc 
St iwnt i iiin 

~ I’yrellc 

Table A-2 
RW Surface Soil Screening-I, 

7439-89-6 33326 
78-83-1 33326087 
78-59- I I6028707 
98-82-8 5520778 

I 

2385-85-5 I 16029 
7439-98-7 I 555 ’ 

14797-55-8 I77739 
14797-65-0 11109 

98-95-3 43246 
55-1 825 
62-75-9 64 1 

924- 16-3 
62 1-64-7 

269 1-4 1-0 4007 I77 

23 135-22-0 2003 5 8 8 
95-47-6 I 059049 
56-38-2 480861 

608-93-5 641 15 
87-86-5 I695768 

108-95-2 2404306 I 
1918-02-1. 56 10048 
99-99-0 I I IO870 
106-42-3 I059043 
129-00-0 22 I S8S4 

’ 85-01 -8 

~~ ~ 

7782-49-2 I 555 
7440-22-4 I 555 

I 8496-254 

8-7  

re1 PRG Values 

Carcinogenic 
Soil PRG Risk = 

257240 1 I IO87 ug/kg 
3793 3793 ug/kg 

33326 mglkg 
33326087 I ug/kg 

3 I57922 3 I57922 I ug/kg 

12423348 
.. 750006 

4007 177 

1059049 
480861 
641 15 

,17633 I7633 1 ug/kg 
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Table A-2 

a. V:ilues rccomineiidcd by CDPHE. 

1.2 

Tlie WRW subsurface soil exposure scenario consists of the following pathways: ingestion 
of' subsurface surf'ace soil, inhalariot1 of dust (o~it 'dooi~), anc l  dermal contact for 
no~iraclio~ii~clicles for n WRW working a[ the Site for an average of I S.7 years, sl)etiding 20 

inhalation pa thway  is assessed for volatiles 21s I-eleasecl from the soil. The inhalation pathway 
is :issessecI for nonvolatiles as fugitive dust. Tlie external radiation espos~ii'e palliway is also 

Subsurface Soil Screening-Level Preliminary Remediation Goals 

ti:ll/s perl year ~ E B A S C O  I 9931, 4 t1oLlI.s pel. tiitp exposeci to S ' L I ~ S L I ~ ~ I C ~  soil. TIIC oLltcioor 

A - S  
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included for radionuclides. The scenario assumes the worker will be performing soil contact- 
intensive activities. This scenario includes all complete and significant exposure pathways 
and parameter assumptions that were evaluated in the Task 3 Report and Appendices: 
Calculation of Surface Radionuclide Soil Action Levels for Plutonium, Americium, and 
Uranium (EPA et al. 2002). PRGs were calculated for both a 1 x IO" risk and a HQ of 0.1. 
The more conservative of the two values is chosen for the PRG. 

September 2005 
Revision I 

1.2.1 
The PRG parameters listed in Table A-3 are used to derive PRGs using the equations 
presented i n  Section 1.2.2. - 

Subsurface Soil Preliminary Remediation Goal Parameters 

Table A-3 
PRG Parameters for Subsurface Soil Screen 

1.2.2 

The following equations are used to derive the PRG values: 

Noncarcinogenic Preliminary Remediation Goal = 

((THI x ATnc(yr) x 365(day/yr)) / (TRwss(mg/day) x EFwsubs(day/yr) x EDw(yr) x 
(kg/nig) x I/RfDo(iiig/kg-ciay) x I/BWa(kg))) + (IRwss(m'/hr) x EFwsubs(day/year) x 
EDw(yr) x ETo-w(hr/ciay) x I/PEF (m'/kg) x l/RfDi(mg/kg-day) x l/BWa(kg) x (ETFo-w + 
(ETFi-w))) + (SAw(cm') x AFw(mg/cm'-cvenC) x EFw~~ib~(cl;~y/yi.) x EDw(yr) x ABS x 
EVw(events/cIay) s I/R1Do(m,o/kg-ciay) x I O"(kg/iiig) x I/BWa(kg)) 

Subsurface Soil Preliminary Remediation Goal Equations 

A-9 
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Carcinogenic Preliminary Remediation Goal = , 

((TR x ATc(yr) x 365(day/yr)) / (IRwss(mg/day) x EFwsubs(day/yi-) x EDw(yr) x 
(kg/ing) x CSFo(risk/ing/kg-day) x l/BWa(kg))) + (IRaw(m’/hr) x EFwsubs(day/yr) x 
EDw(yr) x ETo-w(hr/day) x I/PEF (m’/kg) x CSFi(risk/mg/kg-day) x l/BWa(kg) x 
(ETFo-w + (ETFi-w))) + (SAw(cm’) x AFw(ing/cm’-event) x EFwsubs(day/yr) x EDw(yr) 
x ABS x EVw(events/day) x CSFo(risk/mg/kg-day) x 10-6(kg/mg) x l/BWa(kg)) 

Radionuclide Carcinogenic Preliminary Remediation Goal = 

(TR / (IRwss(mg/day) x CSFsoil(risk/pCi) x IO-’(g/mg) x EFwsubs(day/yr) x EDw(yr)) + 
(IRaw(m’/hr) x l/PEF(m’/kg) x CSFi(risk/pCi) x 1000(g/kg) x EFwsubs(day/yr) x EDw(yt) 
x ETo-w(hr/day) x (ETFo-w + ETFi-w))) + (CSFe(risk/yr/pCi/g) x 
EF_wsubs(day/yr)/365(day/yr) x ETo_w(hr/day)/24 x ED-w(yr) x ACF) x ETFo-w x GSF 

1.2.3 

Table A-4 presents the subsurface soil screening-level PRG values. 

Subsurface Soil Screening-Level Preliminary Remediation Goal Values 

Table A-4 
WRW Subsurface Soil Screening-Level PRG Values 

WRW Subsurface 

1E-06 or HQ = o.l 

WRW WRW 
Noncarcinogenic Carcinogenic 
Subsurface Soil Subsurface Soil 
PRG HQ = 0.1 

Soil PRG Risk = Units CAS Number Analyte 

PRG Risk = 1E-06 
I ,  I , I  .2-Terracliloroetlianc I 79-34-5 I 38325000 I 1046707 I 1046707 I uglkg 

I ,  I ,I -l’;.lchloroc~h3!?e 71)-no-5 I 105554221 I IO555422 1 %/kg 

I, I .2.2-Tctracliloroetliaiic I 27- 18-4 76650000 I2055 I I2055 I uglkg 

I 18-96-7 27409193194 27409193194 uglkg I ,  1,2-Trichloro- I ,2,2- 
tri Iluoroethanc 

I ,  I ,2-Tricliloioetliarie 79-0 1 -6 5 I IO000 322253 322253 u g h  

I ,  I -Dicliloroethane 107-06-2 31231437 3 123 I437 ug/kg 
~~ 

I ,  I -Dichloroe~Iiene ’ 540-59-0 199706 199706 u g h  

19408-74-3 5 55 5 55 ug/kg p-dlouln 

67-72- 1 5 55 5 55 udkg 

I ,2,3,6,7,8- Hcxachlorodibenzo- 

I ,2,3,7,8,9-Hexachlorodibenzo- 
p-dioxin 
I ,2,3-Tricliloropropane 76-13-1 1827027 23910 239 10 uglkg 

I ,2,4,5-Tetrachlorobcnzcne 630-20-6 276495 276495 u d k g  

I ,2,4-Trichloro benzene 7 1-55-6 I740638 I740638 udkg 

I ,2,4-Tri methyl bcnzcne 95-63-6 I525000 I525000 ug/kg 

I ,2-Dibromo-3-clilo~o~1ro~1a1ic 84-74-2 206202 34137 341 37 uglkg 

I ,2-DicIilorobenzeiie (0-)  54 1-73- I 33 24904 I 33249041 uglkg 

I ,2-Dichloroctl~;iric 75-35-4 71 I529 I52603 I52603 uglkg 

I .2-Diclilorocilienc (cis-) I 156-59-2 1 12775000 1 I 12775000 1 tiglkg 

‘A- IO 
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d.4- I 1  DE 
4.4- D DI' 
4,h-DI111 II 0-2-mct11yl pI1c1101 (4.6- 
d I I1 I I I 0-0 -i I c50 I )  
4-ChlOlO- i-lnclllyl~,llcllol 

50-29-3 I26049 I26049 u g k g  

75-99-0 572444 125658 I25658 u g k g  

5 I -2s-5 92165 92 I65 U g k g  

9 1-58-7 ug/kg 

A- 1 1 '~ . 



0 

13cllzo(;i)~lnlll~accllc 

l~cllzo(;l)pyl.ellc: 

13sllzoil?)llilol~~llllcllc 

a, 

56-55-3 43616 436 I6 trg/kg 

50-324 4351 4357 11glkg 

205-99-2 436 I6 436 I 6  trg/kg 
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bt s(2-cliloroetliyl)etlier 

bis(2-chloroisopropyl)ether 

b1s(2-etliylliexyl)plitliate 

Table A-4 

Benzo(k)lluorantlicnc 

1 11-44-4 43315 433 15 uglkg 

117-81-7 I 84330 13 2458 I28 2458 128 u g k  

108-60- 1 5 I 100000 68 1967 68 1967 

Boron 

Broniodicliloromctliane 

7440-42-8 I08980 I08980 mdkg 

75-27-4 25550000 77 1304 77 1304 uglkg 

Bromoform 75-25-2 25550000 4828368 4828368 

74-83-9 B ro mo methane (iiict h y l 
bromide) 241033 24 1033 u g h  

Bu~ylbenzylplitlialate 

Cad mi u in (food) 

85-68-7 1 84330 I35 184330135 %/kg 

7440-43-9 1051 2179 1051 m g h  

Carbazole 

Car bo furan 

Carbon disullide 

Carbon tetrcichloritlc 

Chlordane-alpha 

1563-66-2 I72501 5 1725015 udkg 

75- 15-0 4608253 4608253 wlkg 

56-23-5 18825864 I 8825864 udkg 

5 103-71-9 97 124 9932 1 97 124 ug/kg 

5 103-74-2 549 155 I I7997 I17997 udkg 

Chlordane-bcta 

Chlordane-gamma 

A- I3 

~ ~~ 

12789-03-6 549 155 I I7997 117997 ugkz 

106-47-8 549 I 5 5  I 17997 117997 udkg 

Chlorobenzene 

Chlorocthane (ethyl chloridc) 

Chloroform 

Chloromethanc (mcthyl chloride) 

Chlorpyriios 

7.5-00-3 . 766501 5 766501 5 ug/kg 

67-66-3 8 IS62747 I6489950 I6489950 u g h  

74-87-3 2241 01 4 90270 90270 uglkg 

59-50-7 I323388 I323388 ug/kg 

16065-83- 1 276495 2 2764952 ug/kg 

Chromium I I I 

Chromlu Ill v I 

~ 

18540-29-9 I9 16250 I9 I6250 mglkg 

21 8-01-9 2806 327 327 mg/kg 

Chryscne 

cis- I ,3 - D d i  Ioro pi o pciic 

Cobalt 

7440-48-4 436 IS90 436 IS90 uglkg 

I006 1-02-6 876004 223462 223462 uS/kg 

7440-50-8 I932 I401 1401 ing/kg 

Copper 

Cyiiniilc 

Cyclollcsilnc: 

~~ 

57- 12-5 51 I00 S I  100 mglkg 

I 10-82-7 25550 25550 mg/kg 

72-54-8 62SSS7824423 628587824423 uglkg 



Final Coiiipreketisive Risk Assessinent Work Plan and Melllodolog)l - 
Appetu1i.v A --Hiiniun Healtli Screening- Level Preliminary Remediation Goals 

Seliteniber 2005 
Revision I 

13uoritle (as Iluoriiic) 

GI y ~ p l l ~ ~ s ~ l l  c 

Gu I hi( i n  

I07  1-83-6 76650 76650 mg/kg 

X6-50-0 92 I65067 92 I65067 U!& 

76-444 LI& 

A- I4 
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WRW Subsurface Soil Screening-Level PRG Values 
WRW Subsurface 

1E-06 or HQ = o.l 

WRW W R W 
Noncarcinogenic Carcinogenic 
Subsurface Soil Subsurface Soil 
PRG IIQ = 0.1 

Soil PRG Risk = Units Analyte CAS Number 

PRG Risk = IE-06 

Hcptachlor I 1024-57-3 1 460825 I 7647 I 7647 I udkg 

Hcptachlor epoxidc I 118-74-1 I 11981 I 3782 I 3782 I u g / k g  

Hexachlorobenzene 87-68-3 737321 2 I508 21508 ug/kg 

Hcxachloroburadiene 3 19-84-6 255500 522423 255500 udkg 

3 19-85-7 6555 6555 ugk!  

3 19-86-8 22942 22942 uglkg 

58-89-9 udkg 

608-73- 1 33 I979 3 I864 3 1864 udkg 

Hexachlorocyclohexane, alpha 
(alpha-B HC) 
Hexachlorocyclohexane, beta 
(beta-BHC) 
Hexachlorocyclohexane, delta 
(delta- B HC) 
Hexachlorocyclohexane, gamma 
(gamma-BHC) 

77-47-4 22944 22944 udkg 
Hexachlorocyclohexane, 
Technical (Lindane) 

I 

Hex ac I1 I o roc ycl open I ' 1 c 1 iene ' 43 75 200 udkg 

Hexaclilorodi bcnzo-p-dioxin 57653-85-7 5.55 5.55 u g k  

34465-46-8 4375200 

Hexachloroethane 193-39-5 I277500 2958255 I277500 wlkg 

Indeno( I ,2,3-cd)pyrenc 7439-89-6 43616 436 16 udkg 

lroii 78-83- I 383250 383250 mglkg 

Isobutyl alchohol 78-59- I 3 83250000 3 83250000 w/kg 

Isophorone 
~~ I 98-82-8 I I84330135 I 36316098 I 36316098 ~ I udkg 

Isopropyl benzene (cuinenc) 7439-92- I I277SOOOO 375823 375823 ug/kg 

Lead 7439-93-2 1000 IO00 nig/kg 
~ ~~ 

Lit h iu  ti1 7439-96-5 25550 25550 mglkg 

Manganese (fbod) 7439-97-6 5089 5089 w/kg 

Mercury I 72-43-5 I 379 I I 3 7 9  -/kg 

Methoxychlor 94-74-6 4608253 4608253 ug/kg 

Methyl methacrylate 9 1-57-6 142868503 142868503 udkg 

Methyl tert-hutyl cthcr 2385-85-5 438966133 8625073 8625073 udkg 

SO-62-6 57549241 3 I25604 3 I25604 u g h  
Met h y lenc cli I oride 
(diclilorometliane) 

Mi rex 7439-98-7 I84 I84 mglkg 

Mol ybdenu ni 9 1-20-3 6387500 6387500 ug/kg 

Ill-p-x ylcnc 103-38-3 I2 I79060 I2  I79060 uglkg 

Ill- x y I CI1 c 95-47-6 I2 I79060 12 I79060 uglkg 
~. 

Nap11rh;rlcnc 7440-02-0 I6 I37963 16 137963 ugikg 

Nickcl (solublc) 1-1797-5.5-8 25.550 25550 iiiqlkg 

N i trtitc 

Nitrite ss-74-4 I27750 I27750 mglkg 

A- I5 



WUW 
Noncarcinogenic 

CAS Subsurface Soil 
PUG HQ = 0.1 

Analyte 

Nitrobenzene 100-02-7 497333 

N-Nitrosodietliylaniiiie 62-75-9 

N-Nitrosodimetli)llamine I 86-30-6 1 7373 I 675 I 6 7 5 7 L l k g  I 

WRW Subsurface 

1E-06 or HQ = 0.1 

WRW 
Carcinogenic 

Subsurface Soil 
PUG Risk = 1E-06 

Soil PUG Risk = Units 

497333 tidkg 

229 229 udkg 

N-Nitroso-di-n-biitylamine 

N-Nitrosodi-N-propylamine 

55-1 8-5 5977 5977 w/kg 

930-55-2 4929 4929 udkg 

N-Nitrosodiplienylamtiie 

N-Nitrosopyrrolidine 
Octahydro- I ,3,5,7-tetranitro- 
1,3,5,7-tetrazocine (HMX)  
Oxaniyl (vydate) 

~~ 

I 84330 13 7040876 7040876 udkg 

99-99-0 I6387 16387 udkg 

23 135-22-0 46082534 46082534 ug/kg 

2304 I267 2304 1267 u g h  

62 1-64-1 

56-38-2 , 

o-Xylene 

Parat hion 

. 7440-66-6 I2 I79060 12 I79060 u g h  

608-9 3 -5 5529904 ’ 5529904 4% ’ 
Pentachloro benzene 

Pentachlorophenol 

Phenanthrene 

~ ~ 

87-86-5 737321 737321 ug& 

85-0 1-8 I9501336 202777 202777 u g h  

108-95-2 udkg 

Phenol 

Pic loram 

I9 18-02- I 276495202 276495202 ug/kg 

129-00-0 645 I5547 645 15547 u & k  

p-Nitrotolucne 

p-Xylene 

Pyrene 

I 
I2775000 28 I2992 28 I2992 u g h  

136777-6 1-2 ~ I2 I79060 I2 I79060 UdkS 

7782-49-2 255 171 68 255 I71 68 u g k  

269 1-4 1-0 

A- I6 

Selenium 

Silver 

\34 

7440-22-4 6388 6388 mdkg 

122-34-9 6388 6388 mg/kg 

Simazine 

S t ron t i ti in 

7440-24-6 4608253 287502 287502 ug/kg 

100-42-5 766500 766500 mdkg 

Styrene 

Sullide 

Tetrach loroetliene 

~ ~~ ~ 

18406-25-8 158576458 158576458 udkg 

95-94-3 m d b  

58-90-2 993 I877 771 I I 771 1 I u g h  

Tetracthyl dithio~~yrophospli~~tc 

Thallium 

3689-24-5 460830 460830 u d k g  

7440-3 1-5 89.4 89.4 mglkg 

Tin 

Tltanlu in 

Tolucnc 

To x a p Ilene 

I[ iili{- I .3-Dichlolol,iopc~ic 

7440-32-6 766500 766500 mg/kg 

1 08-88-3 I950035 I950035 mglkg 

so0 1-35-2 35583491 3558349 I uglkg 

I 20-82- I 3 I284 3 1284 uglkg 

60-57- I 99s I36 239434 239434 . u g k g  

Trichlorocrhcnc I’ 79-0 1-6 334363 20354 20354 tig/kg 
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Table A-4 

WRW Subsurface 

Ui nniuin-238 7410-6 I - I  337 331 
a Values recoininended by CDPIIE 

1.3 

The WRW surface water exposure scenario consists of the following pathway: ingestion of 
surface \vater on the Site. for I S .7  yeai-s wlii le peifoimiiiig outdoor tasks near surface water. 
Tlie scenario assumes the W R W  may incidentally inSesl stirface water while perfoiming 
biological surveying t2Isks 42 clays 1 x 1 -  year (EBASCO 1993). This scenario was not . 

S u r face Vl'a ter Scree t i  i n g- Level P re1 i mi na r y lienied ia t ion ' G oak 

-I 

A- I 7  

\34 
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considered to be a significant exposure pathway in the Task 3 Report and Appendices: 
Calculation of Surface Radionuclide Soil Action Levels for Plutonium, Americium, and 
Uranium (EPA et al. 2002). Calculations in this appendix were performed deterministically. 
PRGs were calculated for both a 1 x risk and an HQ of 0. I .  

1.3.1 

The PRG parameters presented in Table A-5 were used Lo derive PRGs using the equations 
listed in Section 1.2.2. 

Surface Water Preliminary Remediation Goal Parameters 

Table A-5 
PRG Parameters for Surface Water Screen 

Exposure Parameter I Variable I Unit I Point Estimate I Source 
Tnropt hn7nrrl index I TH 1 I _ _  I n i  I F P A  1001~1 

a - Value estimated froin Table 8.2 Att. 3-I(Rh4A IENRC Appendix B, 8/25/93). 

1.3.2 Surface Water Preliminary Remediation Goal Equations 

The foilowing eyiiations are used to derive the PRG values: 

Noncarcinogenic Preliminary Remediation Goal = 

((THI x ATnc(yr) x 365(day/yr))l(IRsw(L/hr) x ETwsw(hr/day) x EFwsw(day/yr) x EDw(yr) 
x l/RfDo(mg/kg-day) x l/BWa(kg))) 

Carcinogenic Preliminary Remediation Goal = 

((TR x ATc(yr) x 365(day/yr))/(IRsw(L/hr) x ETwsw(hr/day) x EFwsw(day/yr) x EDw(yr) x 

Radionuclide Carcinogenic Preliminary Remediation Goal = 

' CSFo(risk/mg/kg-day) x ( i/BWa(kg))) 

(TR/(IRsw(L/day) x EFwsw(day/yr) x EDw(yr) x CSFw (risk/pCi)) 

1.3.3 

Table A-6 presents the surface water screening-level PRG values. 

Surface Water Screening-Level Preliminary Remediation Goal Values 

i-\- I s 
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Table A-6 

Water PRG Risk = 
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WRW WRW I 

Analyte ' I '  CAS.Number Noncarcinogenic 
Surface Water 
PRG HQ = 0.1 

Carcinogenic WRW Surface 
Surface Water 

PRG Risk = 1E-06 

Water PRG Risk = Units 
1E-06 or HQ = 0.1 

40556 

2839 

I2 I6667 

405556 

I .01 

9608 9608 ugIL 

2839 ug1L 

12 I6667 ug/L 

405556 u d L  

I .01 m d L  Cadmium (water) 

Carbazole 

7440-43-9 

86-74-8 I 3795 I 3795 un/L 
10139 

202778 

1419 

1014 

10139 U d L  

202778 ug/L 

584 584 UdL 
217 217 ug/L 

Chlordane-gamma 

4-Chloroaniline 

12789-03-6 

106-47-8 

IO14 

8111 

40556 

217 217 ug/L 

8111 uglL 

40556 u e/L 

Chloroform 
Chlorotnethane (methyl 

67-66-3 20278 20278 uglL 

u g/L 

I62222 

10139 

6083 

3042 

I62222 ug/L 

10139 uglL 

6083 ug/L 

3042 mg/L 

40.6 

81.1 

I0398 10398 ug/L 
40.6 mg1L 

81.1 m d L  

223 

223 

223 u g/L 

223 II d L  

DaI allot1 

Dcmelon 

75-99-0 

8065-48-3 

' 4056 

405.56 

4056 ug/L 

904 904 ugll, 

54.2 54 2 II ./I, 

I ~ r o m o ~ o r m  I 75-25-2 

74-83-9 Bromornethane (methyl 
bromide) 

78-93-3 2-Butanone (methyl ethyl 
ketone) 

I Butylbenzylphthalate I 85-68-7 

75- 15-0 

I Clilordane-alpha I 5103-71-9 

I Chlordane-beta 1 5103-74-2 1014 I 217 I 217 

I Chlorobenzene I 108-90-7 

I Chloroethane (ethyl chloride) I 75-00-3 

I4-Chloro-3-methylplicnol* I 59-50-7 

I Chromium Ill I 16065-83-1 

I Chromium VI  I 18540-29-9 6.08 1 I 6.08 I mglL 

7440-48-4 

I Cyanide I 57-12-5 40.6 I 
~~ 

I 40.6 I m.dL 

I 316 I 316 I ue/L 

72-55-9 

60833 I 
-~ I 60833 I ug1L 

81.1 I I S l . 1  I ug/L 

I 10.4 I 10.4 I uglL 
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WRW 
Noncarcinogenic 
Surface Water 
PRG HQ = 0.1 

CAS Analyte 
WRW Surface 

\Vater PRG Risk = Units 
1E-06 or H Q  = 0.1 

WRW 
Carcinogenic 

Surface \Vatu 
PRG Risk = lE-06 

Di-ii-butyl phthalate 
Dica tnba 

I ,2-Dichlorobenzene (0-) 

84-74-2 202778 202778 uglL 

19 18-00-9 60833 60833 ug1L 

95-50- I I82500 I82500 ua/L 

I ,3-Dichlorobeiizeiie 

1,4-Dichlorobenzene (p-) 

3,3-Dichlorobenzidine 

Dichlorodi tluoromcthaiie 

I , I  -Dichloroethane 

1,2-Dichloroethane 

I ,  I -Dichloroethene 'I 

541-73-1 60833 60833 uglL 

106-46-7 60833 3163 3163 ug/L 

9 1-94- 1 169 . 169 ug/L 

75-7 1-8 405556 405556 uglL 

75-34-3 202778 202778 ug/L 

107-06-2 40556 834 834 ug/L 

75-35-4 101389 101389 UZlL 

I ,2-Dichloroethene (total) 

2,4-Dichlorophenol 
Dichlorophenoxyacetic acid 

4-(2,4-Dichlorophenoxy) 
butyric acid (2,4-DB) . 

(2,4-D) . 

I ,2-Dichloropiopane 

1,3 - Dic hl or0 pro pene 

cis- 1,3-Dicliloropropene 

trails- 1,3-Dichloropropene 

540-59-0 ' 18250 ' 18250 ' uglL 

120-83-2 6083 6083 uE/L 

94-75-7 20278 20278 ug1L 

94-82-6 I6222 I6222 ug1L 

78-87-5 I I16 I l l 6  ug/L 

542-75-6 60833 759 759 uglL 

I 006 1-0 I -5 60833 759 759 ug/L 

I006 1-02-6 60833 759 . j 759 I WIL 

Dieldrin 

Diethyl ether 

Di(2-cthyl1iexyl)adipate 

Diethyl phthalate 

60-57- I 101 4.7 4.7 uglL 

60-29-7 405556 405556 ug1L 

103-23- I I2 I6667 63255 63255 ug/L 

84-66-2 I622222 I622222 us/L 

I ,2-Di~~lieiiylliyclraziiic 

Diqual 

1~ntlosull:ln I 

I:ntlosul I;ln I I 

122-66-7 94.9 94.9 ugll- 

446 I ug1L 

959-98-8 12167 \ 12167 ug1L 

332 I 3-6s-9 12167 12167 ug1L 

85-00-7 446 I 
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Table A-6 

A-22 
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Table A-6 

CAS Number 



X y I eiic ( IOI a I ) 

I,-XylcilC 

Ill-l,-Xylenc 

Ill-S ylcnc 

A-24 

1330-20-7 405556 405556 ugIL 

106-42-3 405556 405556 11gIL 

136777-61 -2 405556 405556 ugiL 

108-38-3 405S56 405556 Ugll~ 
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Table A-6 

a - Values recommended by CDPHE 

1.4 Subsurface Soil Screening-Level Preliminary Remediation Goals for the 
Volatilization Pathway 

The WRW subsurface soil exposure scenario associated with volatilization consists of the 
following pathway: indoor inhalation of volatile organics enianating from subsurface soil for 
a WRW working at the Site for an average of 18.7 years, spending 50 percent of his or her 
time on site indoors. The worker is envisioned spending all of his or her time on the most 
contaminated areas of the Site. PRGs were calculated for both a IE-06 risk and an HQ of 
0.1. The more conservative of the two values is chosen for the PRG. 

1.4.1 Subsurface Soil Volitalization Preliminary Remediation Goal Parameters and 
Equations 

Johnson and Ettinger ( 1  99 1 )  introduced a screening-level model that incorporates both 
convective and diffusive mechanisms for estimating the transport of contaminant vapors 
emanating from either subsurface soils or groundwater into indoor spaces located directly 
above the source of contamination. The Johnson and Ettinger modei is ii one-climensional 
analytical solution to convective and diffusive vapor trai1spoi.t into indoor spaces. The model 
p ro v i  cles a 11 est i in atecl at t en 11 at i o n coef f'i c i en t that re I ates t I1 e v a110 r con ce 11 t rat i on i n the 
indoor sp;ice to the vapor concentration at the source of contaminalion. Inputs to the moclel 
i nc I iide c hem i cal pro pert i es o 1' I he con I a in i n an t , sat u ra  tecl an cl LI  n s :it u i -a l  ed zoiie so i I 
properties: and structural properties of [he building (Table A-7). 

A-25 

L 
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0 
The Environmental Protection Agency (EPA) spreadsheets for the Johnson and Ettinger 
model were used to calculate PRGs associated with volatilization using site-spccific and 
default modeling parameters. Toxicity values were updated to reflect the most recent values 
used for the other PRG screening values. The spreadsheets inay be downloaded from the 
EPA Superfund site on the Internet. The user’s manual for t h e  model (EPA 2000) provides a 
discussion of the modeling parameters. 

Table A-7 

1.4.2 Subsurface Soil Volatilization Screening-Level Preliminary Remediation Goal 
Values 

Table A-8 presents values for the subsurface soil volatilization screening-level PRGs. 

Table A-8 

A-26 
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Table A-8 

0 

A-27 
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Table A-8 

NOC = Not of Concern; the contaminant is solid at the soil temperature and not of concern foi this pathway. 
a - The calculated risk-based soil concentration exceeded the soil saturation concentration, the value listed is the 
saturation concentration. 
b. Values recommended by CDPHE 
c - The listed value is for p-xylene, which is the most conservative xylene value. 

1.5 Groundwater Screening-Level Preliminary Remediation Goals for the 
Volatilization Pathway 

The WRW groundwater exposure scenario associated with volatilization consists of the 
following pathway: indoor inhalation of volatile organics emanating from groundwater for a 
WRW woiking at the Site for an average of 18.7 years, spending 50 percent of his or her time 
indoors. The worker is envisioned spending all of his or her time on the most contaminated 
areas of the Sttc. PRGs were calculated for both a IE-06 risk and an HQ of 0.1 . The more 
conservative of the two valucs is chosen for the PRG. 

A-2S 
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Value Source 

1 E-06 
0.1 EPA 1991a 

EPA 199 1 a 
Avcraging time for non-carcinogens 
Averaging time for carcinogens 
Exposure frequency 
Exposure duration 
Vadosc zone soil dry bulk density 
Vadose zone soil total porosity 

18.7 years 
70 years EPA 1991b 

250 dayslyear 
18.7 years 
I .59 g/cm3 Site Average 

0.35 unitless Sitc Average 

EPA et al. 2002 

EPA et ai. 2002 
EPA et al. 2002 

Vadose zone soil water-filled porosity 
Depth below grade to bottom of cnclosed space floor 
Depth below grade to water table 
SCS soil type directly above water table 
Average soil and groundwater temperature 
Average vapor flow rate into building 
Vadose zone soil vapor pcrmeability 

1.5.2 Groundwater Volatilization Screening-Level Preliminary Remediation Goal 
Values 

Table A- IO presents the values for the groundwater volatilization screening-level PRGs. 

0.2399 cm31cm3 Site Average 
200 cm 
400 cm 

10°C 
calculated 

calculated from soil type 

Johnson and Ettinger 1991 
Johnson and Ettinger 199 I 

Sandy-Clay-Loam Johnson and Ettinger I991 
Johnson and Ettinger I99 I 
Johnson and Ettinger. I99 I 
Johnson and Ettinger 1991 

i A-29 





Carcinogenic 
Groundwater 
Risk = 1E-06 

Groundwater 
Risk = 1E-06 or 

H Q  = 0.1 
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0 
Table A-10 

eve1 PRG Values WRW Groun' water Volatilization Screening- 

I Noncarcinogenic 
Groundwater 

HQ = 0.1 CAS Number I Target Analyte 

I ,  I ,2-Tetrachloroethane 
I ,  I -Trichloroethane 
I .2.2-Tetrachloroethane 

630-20-6 I .88E+04 

79-34-5 
1.2-Trichloro- 1,2.2-tritluoroethani 

79-00-5 1 
I -Dichloroethane 
1 -Dichloroethene I' 

2,3-Trichloropropane 
2.4-Trichlorobenzene 

75-34-3 3.3 1 E+04 

96- 1 8-4 

95-63-6 

I 1.39E+OE 

2.4-Trimethsl benzene 
2-Dichlorobenzenc (0-1 95-50-1 I 3.148+04 
2-Dichloroethane 107-06-2 I 1.45E+03 4. I9E+02 4. I9E+02 

I 2.96E+03 2-Dichloroethene (cis-) 
2-Dichloroethene (trans-) 

156-59-2 

78-87-5 
3.23 E+03 

2.44E+02 2.448+02 2-Dichloronrooane 
35Tri mcthsl benzene 5.5 1 E+02 

NOC NOC 4-Dichlorobenzene (p-) 106-46-7 I ' NOC 
I 

2.20E+07 Butanone (methyl erhyl ketone) 
$-DDD 
GDDE 

78-93-3 

72-55-9 
NOC i NOC +--p+ 

6.42E+06 
1-DDT 
Methyl-2-pentanone 108-10-1 I 6.42E+06 

.I 08- IO-  I 1 6.42E+06 Methyl-2-pentanonc (methyl 
)butyl ketone) 
:etone 

6.428+06 

67-64-1 I 2.00E+06 
NOC I NOC drin' 

,112- B HC 
309-00-2 

7 1-43-2 2.13E+03 . :nzene 
j(2-chloroethyl)ether 2.348+03 

75-25-2 1 5.23E+04 omoform 
oiiioinelhane (incthyl bromidc) 
irbon disulfide 

I 2.71E+02 74-83-9 
75- 15-0 

5 103-71 -9 
irbon tetrachloride 
ilordanc-alnha 
ilordane-beta 5103-74-2 I NOC 

12789-03-6 1 NOC i lordane-gamtnn 
1 lorobenzene 
iloloetliaiie (ethyl chloridc) 

I 6.64E+03 108-90-7 

67-66-3 4.4013+03 
I 3.948+05 

I .46E+02 I .46E+02 

I .07E+03 I .97E+03 
11oro I11Cl I1 illlC 

iloromc~hane (mclhyl chloride) 7447-3 I 4.73E+03 
I 006 I - 0 1  - 5  I 7.9SE+02 
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Noncarcinogenic 

a 
Carcinogenic Groundwater 

124-48-1 
74-95-3 
75-7 1-8 
60-57-1 

, 2.88E+04 6.41 E+02 6.41 E+02 
1.358+04 1.35E+04 I 

1.76E+03 1.76E+03 
NOC NOC NOC 

, . 118-74-1 
87-68-3 
77-47-4 
67-72-1 

NOC NOC . NOC 
6.36E+01 I .558+02 6.36E+0 1 
1.22E+O I 1.22E+O I 
1.41 E+03 3.76E+03 I .4 I E+03 

98-82-8 
7439-97-6 
80-62-6 

i 634-04-4 

I .94E+03 1.94E+03 
2.90E+OI 2.90E+O I 

' 6.67E+05 6.67E+05 
l.I9E+06 1 . I  Y E+06 

75-09-2 

9 1 -20-3 
98-95-3 

1.00E+04 I .00E+04 3.79E+05 

2.63E+03 2.63E+03 
3.05E+04 3.05E+04 

I 27- 1 8-4 
108-88-3 

I006 1-02-6 
79-0 1-6 

2.14E+04 2. I4E+04 
2.82E+04 2.82E+04 
7.98E+02 3.74E+02 3.748+02 

1.83E+03 I .83E+03 

108-05-4 
75-0 1-4 

1330-20-7 

l.llE+05 I .  I I E+05 
2.29E+03 '' 9.75E+01 9.75E+03 
7.00E+03' 7.00E+03' 

Groundwater Groundwater Risk = 1E-06 or 
Risk = 1E-06 HQ = O i l  CAS Number 1 HQ = 0.1 

Di bromomethane 
I Dichlorodi tl uoromethane 
IDieldrin 

14 1-78-6 6.02E+06 6.02E+06 
2.04E+04 2.04E+04 
7.09E+04 7.09E+04 

58-89-9 7.30E+03 4.99E+03 4.99E+03 

60-29-7 

86-73-7 
Ethvlbenzene 

IFluorene 
Igamrna-BHC (lindane) 
IHeptachlor 76-44-8 I 3.80E+01 I 6.258-01 I 6.25E-01 I 
Hexachlorobenzene 
Hexachlorobutadiene 
I Hexachlorocvclo!Jentadiene 

I Hexachloroethane 

Mercury (elemental) 
I 

Methylene chloride 

Nitrobenzene 
100-42-5 I 1.50E+05 I I 1.50E+05 1 

To1 u ene 

ITrichloroethene 
75-69-4 I 1.07E+04 1 1 1.07E+04 I Trichlorofluorornethane 

Vinvl chloride 

I 1 I 
~~ 

I 
NOC = Not of Concern; the contaminant is solid at thc sqil temperature and not of concern for this pathway. 
a. The calculatcd risk-bascd soil conccntration exceeded thc soil.saturation conccntl-ation; the value listcd is the 
saturation concentration, 
h. Values recommendcd by CDPHE. 
c. The listed valuc i s  for p-xylene? which is the mosI conservativc xyl6nc value. 

. .  
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db 

ATSDR 

AWQC 

BAF 

BDAC 

CAS 

CCME 

CCR 

CDPHE 

COPC 

CRA 

DAR 

DOE 

EC20 

ACRONYMS 

Agency for Toxic Substance and Disease Registry 

Ambient Water Quality Criteria 

b i oaccu mu 1 at i on fact or 

Biological Dose Assessment Committee 

Cheniical Abstract Servike 

Canadian Council of Ministers of the Environment 

Colorado Code of Regulations 

Colorado Dcpartment of Public Health and Environment 

contaminant of potential concern 

Comprehensive Risk Assessment 

Data Adequacy Report 

U.S. Department of Energy 

twenty percent effects concentration 

ECOI 

ECOPC 

ecological con taini nan t of interest 

ecological contaminant of potential concern 

ECO-SSL ecological soil screening level 

EPA U.S. Environmental Protection Agency 

EPC exposure point concentration 

EqP equilibrium partitioning value 

ERA ecological risk assessment 

ERL effects range low 

ES A Endangered Species Acl 

ESL ecological screening level 

EU exposure un i t  

HSDB Hazarclous Substance Databank 

I-IQ hazard quotient 

TA I n  el u s t I-i a I A rea 

IHSS 

IRTS 

ISQG 

In d i vi clu ;I I H a z ~  rclou s S u bskui ce Si te 

Integralecl Risk Infoimialic),n System 

interim seclimenr qua l i ty  yi,clelines 
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PMJM' 
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RESRAD 

RFCA 

RFETS or Site 

RFVRI 

s CM 

SQG 
SSL 

TEC 

TEL 

tESL 

TRV 

USFWS 

ACRONYMS 

lowest effects level 

lowest-observcd adverse effects levels 

Michigan Department of Environmental Quality 

Ontario Ministry of Environment and Energy 

no effects level 

National Oceanic and Atmospheric Association 

no-observed adverse effects level 

Oak Ridge National Laboratory 

polychlorinated biphenyl 

Preble's meadow jumping mouse 

preliminary remediation goal 

residual radioactive materials computer code 

Rocky Flats Cleanup Agreement 

Rocky FI at s En vi ron mcn t al Tec tin o 1 og y S i te 

RCRA Facility Investigation/Remedi~~l Investigation 

Site Conceptual Modcl 

Sediment Quality Guide1 ine 

soil screening level 

threshold effects concentrations 

threshold effects level 

threshold ecological screening level 

toxicity reference values 

U.S. Fish and Wildlife Service 
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95UCL 

"C 

c in 

cm2 

cm3 

crn3/cm3 

day/yr 

ft 

g k  

g/mg 

hr 

hr/day 

kg 
k glm 

kg/ing 

L/day 

Llhr 

m 

m3 

m3/p g 

m3/day 

in '/I1 r 

m3/kg 

m - y rl kg -day 

111g1cm' 

1rig/c m'-e\~en I 

I l l  g/d " y 

m %/kg 

UNIT DESCRIPTIONS 

upper confidence limit of the mean at a 95 percent level 

degrees Celsius (or Centigrade) 

centimeter 

square centimeter 

cubic centimeter 

cubic centimeter per cubic centimeter 

days per year 

foot 

grams per kilogram 

grams per milligram 

hour 

hours per day 

kilogram 

kilograms per cubic meter 

kilograms per mi 1 I igram 

liters per day 

1 i ters per hour 

meter 

cubic meter 

cubic meters per microgram 

cubic meters pes day 

cubic meters per hour 

cubic meters per kilogram 

cubic meter-year per kilogram-day 

in i I I i grams per sclu are cent i meter 

in i I 1 i gra nis per s q  u ase ce ti ti nieter-e\wi t 

in i I I i grams pes c l a y  

mi 1 I i gram s pes k i I og r;i m 

' 1  
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mg/kg-day 

(mg/kg-day)- ' 
mg/kg BW/day 

mglkg BW/day-' 

mg/L 

mg/m3 

mg- yr/kg-day 

pC i 

pCi/g 

p C i L  

96 

rad/day 

risk/pCi 

ri s k/yr/pCi/g 

ri sk/(mg/kg-c!ay) 

Y" 
yr/pCi/g 

yr-pCi/g 

P g k  

Pg/L 

UNIT DESCRIPTIONS 

in i I I i grams pe r k i I o grain -d a p 

one divided by (mg/kg-day) 

milligrains per kilogram per body weight per day 

one divided by (mg/kg BW/day) 

milligrams per liter 

milligrams per cubic meter 

milligram-year per kilogram per day 

picocurie 

picocuries per grain 

picocuries per I i ter 

percent 

rad per day 

risk per picocurie 

risk per year per picocurie per grani 

rick per milligram per kilogram-day 

year 

years per picocurie per grain 

year-picocurie per gram 

micrograms per kilogram 

micrograms per liter 
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1.0 INTRODUCTION 

To support the Draft Comprehensive Risk Assessment (CRA), ecological screening levels 
(ESLs) are developed here for more than 160 ecological contaminants of interest (ECOIs) 
identified from three main sources: ( I )  Table 3 of the Rocky Flats Cleanup Agreement , 
(RFCA) Attachment 5 (DOE et al. 1996 [as modificd]), (2) contaminants detected at the Site 
and (3) a list of potentially bioaccumulative analytes from the U.S. Environmental Protection 
Agency's (EPA's) Toxics Release Inventory Program (EPA 2004). 

EPA's ecological soil screening level (Eco-SSL) (EPA 2003a) process was used as general 
guidance for developing the soil ESLs for vertebrate receptors. General equations and 
procedures from the Eco-SSL guidance were used to calculate ESLs, and extensive use was 
made of existing databases and compilations of ecotoxici ty  information. The ESLs were 
developed consistent with the steps recommended i n  the guidance as follows: 

1 .  Identify the Wildlife Risk Model: Develop a Site Conceptual Model (SCM) with 
receptors, exposure pathways, and exposure scenarios. Quantify an equation that 
relates the contaminant concentration i n  soil to an acceptable threshold based on an 
exposure model. 

2. Select Surrogate Wildlife Species: Identify species that are representative of the 
functional groups for which risk is to bc cvaluated. 

3. Estimate Exposure Dose: Deterinine exposurc parmeters and quantify dose for each 
selected contaminant . 

4. Derive the toxicity reference values (TRVs): Identify an acceptable dose or exposure 

5.  Calculate the ESL: Solve the exposure equation for ECOI concentrations in soil that 
result in exposure equal to the TRV. 

Methods for identifying ESLS for terrestrial plants, terrestrial invertebrates, and aquatic 
receptors in sediment and surface water are also presented i n  the following sections. 

2.0 METHODS FOR TASK 1: DEVELOPING A SITE CONCEPTUAL MODEL 
AND IDENTIFYING RECEPTOR TYPES AND EXPOSURE PARAMETERS 

The Rocky Flats Environmental Technology Site (RFETS) environment, as i t  relates to the 
Ecological Risk Assessment (ERA) is described in detail i n  the Sitewide Conceptual Model 
Technical Memorandum prepared for the Draft Watershed ERA (DOE I996a). This model 
has been updated for the CRA as the SCM and is shown on Figure 7.2 of' Section 7 of the 
CRA Work Plan and Methodology. 

2.1 Exposure -. Models and Receptors of' Concern 

ESLs were calculated based on general toxicological infomat ion iiboul the ECOls, esposure 
parameters for the selected receptor types, uncl i'n I.ormrition on ~~io~iccut i i~i~~i t ion oi'speci I'ic 
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ECOIs from soil at Rocky Flats.. Actual selection of the ESLs and the rationale for their 
selection is explained i n  Section 3.0. General methods for calculating ESLs for 
nonradionuclide.and radionuclide ECOIs are presented i n  the following subsections. 

2.1.1 

The general model for calculating ESLs for nonradionuclide ECOIs estimates the soil 
concentrations that result in ,wildlife intake rates (for example, ingestion rate) equal to 
benchmark values associated with approximate levels of toxicity (or lack thereof). Hereafter, 
the benchmark values will be referred to as TRVs. The relationship between the estimated 
environmental exposure and the TRV is usually expressed as a ratio called the “hazard 
quotient (HQ)” (EPA 1997a): . 

General Exposure Model for Wildlife Soil Screening Levels 

(Equation B-1 ) 

HQ = estimated exposure 

TRV 

Therefore, the ESL is defined as the ECOI concentration in soil that results in an HQ = I .  
For wildlife, exposure is estimated based on the following equation that describes the sum of 
ECOI intake from incidental ingestion of soil and ingestion of forage or prey: 

Where: 

Exposure (Intuke) = rate at which an ECOI is ingested from all sources (milligrams per 
kilogram [ mg/kg] body weight[B W]/day) 

contaminant concentration for contaminant (i) i n  soil (mg/kg dry weight) 

number of different biota food types i n  diet, 

contaminant concentratiotiin food type ( i )  (mg/kg dry weight) 

proportion of biota type ( i )  in diet 
food ingestion rate (kg food [dry weight]/ kg BW [wet weight] / day) - 

relative bioavailability of contaminant (i) from biota type ( i )  (RBAfood = I )  

relative bioavailability of contaminant (i) from soil (RBA,,;, = 1 ) 

toxicity reference value (mg/kg BW/day) 

soil ingestion as proportion of diet 

area use factor (AUT; = 1 )  

. .  



Fiiiul Conipreheiisive Risk Assessrirent Work Plan a t d  Methodology - 
Appetidix R - Cdcirlatiotz of Ecological Screenitzg Levels, Methods, Sorrrces, utid Resldt.y 

Septenzber 2 005 
Revision I 

Because the ESL is expressed as an ECOI concentration in soil, the concentration in food 
must also be expressed as a function of the concentration in soil. To accomplish this, 
bioaccuinulation factors (BAFs) that predict the extent to which ECOIs accumulate i n  forage 
or prey are used. The BAF can bc a simple ratio of ECOI concentration i n  biota: soil, or may 
be derived from regression equations i f  the relationship is-nonlinear (EPA 2003a). The Cfo0d 
term i n  the exposure equation can then be replaced: I -  

(Equation B-3) 
I 1  

Exposure (Iiztake) = [ ( Csoil * pSoil * FIR * RBA .roi l  ) + ( ;= I  (CBA F *CCroil 1:s Pril,,d *FIR* RBAlilod ) ] *A U F  

To estimate the ESL, the above equation is solved for the Cs0il that results in an exposure 
equal to the TRV (that is, HQ = 1). ESLs will be applied for screening both surface and 
subsurface soil for burrowing receptors. 

A much simpler approach was used for aquatic life and nonvei-tebrate terrestrial receptors 
Most toxicological information on aquatic life is already expressed as a concentration in 
water or bulk sediment concentrations, which can then be used as direct estimates of the 
ESL. 

TRVs used in the above equation were identified from available databases or the scientific 
literature and are presented in Section 3.1. Data available from RFETS were evaluated to 
detei-mine whether applicable BL4Fs can he calculated for site-specific conditions, and used. 
ESL calculations. If not, BAFs from the general scientific literature were identified and 
reviewed for potential use. 

2.1.2 Approach for Radionuclides 

Soil benchmarks for radionuclides were developed for RFETS during the Draft Watershed 
ERA (Higley and Kuperman 1995). Since then, DOE’S Biological Dose Assessment , 

Committee (BDAC) has developed additional procedures for assessing exposure and iisk to 
terrestrial and aquatic biota using the RESRAD-BIOTA (DOE 2003b) computer code for 
calculating protectiveness. 

For some radionuclides, Higley and Kuperinan values were higher (less conservative) than 
those calculated with the RESRAD-BIOTA procedures. However, for terrestrial animals the 
radiation exposure limit  cited i n  RESRAD-BIOTA as protective of ecological receptors ( 1  
rad/day) is IO-fold that assumed i n  Higley and Kupernian (0.1 radlday). Values developed 
for ecological receptors using either approach were significanlly higher than values adopted 
for managing radionuclide risks to hunian receptors at the Site. I n  most cases, soil criteria 
were two to three orders of magnitude larger. Therefore, if the Site is managed to protect 
hunian health and EPCs are calculatecl using similar niethocls, then e.cological receptors will 
lie protected. This applies (.o special status species (for ex~iniple, Lhrealened or endangered) 
anct iiontlii.eateneci or endangered receptor groups. 
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An exception to the above is exposure to subsurface soil and surface water. For human 
health assessment in the IA, the pathway to subsurface soil will not be evaluated because 
institutional controls prevent disturbance of soil; therefore, ESLs will be needed. For surface 
water, ecological benchmarks are lower than human health values for soinc radionuclides, 
primarily due to the higher use rate assumed i n  the calculations. 

RESRAD-BIOTA was used to calculate all of the radionuclide ESLs that will be used i n  the 
CRA. 

2.1.3 Identification of Representative Receptors 

The purpose of the ESLs is to provide a mechanism for evaluating ecotoxicological risks 
from potentially contaminated abiotic media by comparing data on ECOT concentrations to 
benchmark values representing potential thresholds of adverse effects. Ecological receptors 
and their forage or prey utilize soil, sediment, and surface water with widely varying rates 
and intensities. Generally, species or functional groups that have the most extensive contact 
with soil or sediment, and/or the smallest home ranges, have the highest potential exposure. 
Assuming similar sensitivities to toxic effects of ECOIs, ESLs developed for such species are 
generally protective of groups with lower contact rates (EPA 2003a). Therefore, ESLs were 
developed for the potentially most-exposed functional groups present at RFETS: 

0 

0 Small ground-feeding birds; 

0 Large mammalian herbivol-ec; 

0 Mammalian predators; 

. Terrestrial plants; 

0 Terrestrial Invertebrates; 

0 Aquatic community; and 

0 Avian predators. 

Fossorial (burrowing) small inammals (herbivores and omnivorcs); 

The SCM for the Draft Watershed ERA (DOE l996a) a.nd more recent surveys identify 
several species of fossorial mammals as present at RFETS, including the deer mouse 
(Peronzyscu.~ i?zarziculatus), meadow vole (Microtus pennsyivanicus), prairie vole (M.  
oclzrogaster-), plains harvest mouse (Reitlzrodorztoi~z~~s ~ I Z ~ M ~ U I ~ M S ) ,  black-tailed prairie dog 
(Cy~~o~ny.s lrrdaviciurzus), and Preble’s meadow jumping mouse (PMJM) (Zuyrrs IzudsorziirJ 
preblei). Each of these species constructs and/or occupies borrows for significant parts of 
their life histories. 

The black-tailed prairie dog and the PMJM are species of particular concern i n  Colorado. 
The prairie dog is the subject of voluntary habitat conservation initialives i n  Colorado nncl 
acljoining states aimed at preventing the need fof listing under the Endangered Species Act 
(ESA). The PMJM is a relatively I-are subspecies found only along’rhe Front liaiige of the 
Rocky Mountains. The species w a s  listed cis “threatened” by the U.S. Fish and Wildlife 
Sei-vice (USFWS) i n  May 1998. Both species are kno\vti 10 occiii’ at  RFETS ;LticI, :il~hougli 
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these species represent essentially the same functional group (herbivorous burrowing small 
mammals), they are listed here because of their special legal and/or policy status. A 
generalized small mammal (for example, deer mouse) was also evaluated as a representative 
receptor. The deer mouse was evaluated using two models and varying only the assumed 
diet (herbivorous versus insectivorous). 

The risk to small ground-feeding birds was not previously assessed in the Watershed ERA. 
Several candidate species known from RFETS (DOE 1995) include dark-eyed junco (Junco 
hyenzalis), black-headed grosbeak (Plzeucticus melanochephalus), lazuli bunting (Passerinn 
anzoena), spotted and green-sided towhees (Pipilo clzlorurua and P. er-~~tlzro~~l~thcrl~~zus), 
mourning dove (Zeizaida nzac~ou~a) ,  and house finch (Carpocfucus rnexicanus). The 
mourning dove was used by EPA i n  developing Eco-SSLs and was selected to represent 
ground-feeding birds due to the abundance of available information necessary to estimate 
intake and therefore risk. 

In addition to the above receptor groups, ESLs were developed for the American kestrel 
(Fulco spurverius), a small falcon that is abundant in the region around RFETS. The kestrel 
does not have intimate contact with the soil, but represents an upper level consumer that 
could be exposed to contaminants that accumulate i n  prey species. The mule deer 
(Odocoileus henzioizus) was selected to represent large mammalian herbivores. A population 
of mule deer currently inhabit the Site. Finally, the coyote (Canis latrans) was selected as 
the mammalian predator. The coyote represents the upper level mammalian consumer that 
could also be exposed to ECOIs at the site. 

In the upland areas of tlie Site, terrestrial invertebrates and plants wiii be evaiuatcd as 
receptors. In the drainages, the general aquatic community will also be evaluated as a 
receptor. For terrestrial plants and invertebrates, and aquatic community receptors, the 
toxicity benchmarks are not species-specific but are community-based and designed to be 
protective of most species within the receptor class. Therefore, tlie entit-e community of 
species that make up the population of each receptor group at RFETS will be evaluated as a 
whole. 

Receptor-specific parameters necessary to implement the exposure estimation described i n  
Section 3.1 are listed i n  Table B-I .  When ESLs are used to evaluate an exposure uni t  (EU) 
that consists of only one home range, it is necessary that the ESL accounts for the behavior- 
based variability in exposure. That is, the ESL is calculated from tlie dose-based TRV using 
one or more exposure assumptions that are “high-end,” rather than all “average” exposure 
values. This ensures that when the ESL is applied to the mean concentration i n  an exposure 
area, i t  estimates the risk to a high-end receptor rather than an average receptor. This is 
appropriate for the large, wide-ranging receptors given that they will be evaluated on a 
Sitewidc basis i n  the CRA. 

When ESLs are applied to iin exposure area t h a t  includes many home ranges ( t h a t  is, for tlie 
receptors with small home ranges), the result is a distribution of HQ values iici‘oss the EU 
t ti ;it c ti xracteri zes tlie v a  r i a t i o ti clue to ci i ff‘ere ti ces i n concen r r a ~  i o ti s ac ross se veru I home 
ranges. I n  this situation, the ESL calculation is based on an indiviclual wit11 average (i.ather 

. .  
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than high-end) exposure parameters, because the ,variation in mean concentration between 
home ranges is typically large compared to the variation in exposures within a home range 
due to differences in behavior. 

e 
3.0 METHODS FOR TASK 2: IDENTIFYING AND SELECTING TOXICITY 

REFERENCE VALUES AND BIOACCUMULATION FACTORS FOR 
VERTEBRATE SOIL SCREENING LEVEL CALCULATION 

. This section provides the procedures followed to select TRVs and BAFs that are used for 
calculation of ESL values. 

3.1 Derivation of Toxicity Reference Values for Vertebrate Receptors 

As noted in Section 2.0, EPA's Eco-SSL (EPA 2003a) process was generally followed to 
identify the more relevant TRVs for representative species types. Figure B. 1 presents a 
graphical view of the TRV selection process for vertebrate receptors. Table B-1 presents the 
receptor-specific input parameters used in the ESL calculations. 

' 

3.1.1 Previously Published Toxicity Reference Values 

The major sources of toxicity information for deriving TRVs are publicly available databases 
of TRVs and no-observed adverse effects IeveVlowest-observed adverse effects level 
(NOAEWLOAEL) values presented in peer reviewed literature sources. This jnformation 
was obtained, as available, for the ECOIs listed in Table B-2. 

The following hierarchy of resources was searched for toxicological information to provide 
previously published TRVs: 

1 .  EPA's guidance for developing Eco-SSLs (EPA 2003a); 

2. TRVs developed for U S .  Navy facilities in California (PRC 1994); and 

3. Benchmarks developed for the Oak Ridge National Laboratory (ORNL) (Sample et 
'al. 1996). 

The three sources were determined to have adequate data quality to be used i n  the RFETS 
ESL calculations. Therefore, TRVs presented i n  these sources were used unedited from the 
original source regardless of manipulations of study information by the authors. If both a 
NOAEL and LOAEL TRV are identified and the data are of sufficient quality to calculate a 
threshold-level ESL (tESL) (Section 3.1.4), a threshold value that represents the geometric 
mean between the two values is presented i n  order to calculate a tESL. 
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Figure B . l -  TRV Identification Process for Vertebrate ESLs 
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3.1.2 Literature Review of Toxicity Data 

The sources presented i n  the previous section provided TRVs for a limited list of ECOIs. It 
was therefore necessary to perform a morc detailed search for toxicity information for the 
remaining list of ECOIs in  order to develop TRVs for use at RFETS. A database of TRVs 
identified from literature sources was compiled and is presented in Table B-2. The available 
TRVs for the Site soil-associated ECOIs are based‘on the following criteria: 
0 

0 

Oral exposure studies from which a dose was calculable; 

Reproductive and developmental endpoints for chronic and subchronic exposure or acute 
exposure during discrete, critical lifestage; and 

Growth and mortality endpoints. As per the Eco-SSL guidance, these are used as upper- 
bound TRVs in case reproduction/developmeiital TRVs are higher than longer-term 
exposure survival endpoints. 

The literature search strategy was very focused given the relatively large number of 
chemicals for which TRVs were needed. In order to maximize the efficiency and output of 
the search, i t  was determined that several preeminent sources of peer-reviewed studies for 
mammals would be utilized, rather than conducting a broad-based literature search. The 
initial sources that were reviewed for toxicity literature were the Centers for Disease 
Control’s Agency for Toxic Substances and Disease Registry (ATSDR) toxicity profiles and 
EPA’s Integrated Risk Information System (IRIS) chemical-specific health assessments. 
These sources were searched for reproductive and developmental effects as well as effects on 
chronic growth and survival. The search focused on studies utilizing ora! ingestioi? from 
food or oral gavage for development of the TRVs. Although the search was conducted using 
a streamlined approach for identifying relevant toxicity studies, the use of IRIS and ATSDR 
will result i n  identification of appropriate critical studies for use in developing chemical 
specific TRVs. 

ATSDR toxicity profiles that matched the RFETS chemical names or synonyms were 
selected. In addition to chemical names, CAS numbers were used to match RFETS 
chemicals to IRIS health assessments. Both the ATSDR and IRIS sources summarize 
available toxicity information and provide citations for the referenced toxicity studies for 
chemicals that have been evaluated. Where feasible, the articles cited i n  the ATSDR and 
IRIS sources were physically obtained and used in the TRV data extraction and evaluation 
process. 

6 

Each of the sources of TRVs were evaluated for data quality using the-EPA (2003a).Eco- 
SSLs IO-step scoring system that is described in detail in  Attachment 4-4 of EPA (2003a). 
The results of the scoring are presented i n  Attaclirrient I .  If the evaluation resulted i n  a score 
of 65 or greater, the TRV w a s  accepted for use and is presented i n  Attachment 2. 

.e 
Where sufficient data were available (Attachment 2), TRVs were calculated by obtaining the 
highest NOAEL t h a t  is lower t h a n  the lowest bounded LOAEL, for the applicable endpoinrs. 
The NOAEL and LOAEL TRVs iisecl were compiled from the literature review for endpoints 
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discussed above. The ECOIs that  have inadequate toxicity data from which to calculate a 
TRV will bk discussed qualitatively i n  the CRA Report. a 

6 

ATSDR and IRIS focus primarily on mammalian toxicity data; neither are primary sources 
for avian toxicity data. As a result, EPA’s ECOTOX database and the Hazardous Substance 
Databank (HSDB) were searched for avian toxicity data. These data underwent a scoring 
and extraction process analogous to that used for mammals (Attachments 1 & 2). 

3.1.3 

For some ECOIs, both a NOAEL and a LOAEL TRV are not available for both mammalian 
and avian receptors. Where only a LOAEL TRV was available, the NOAEL was estimated 
by dividing the LOAEL TRV by 10. No estimates of a missing LOAEL value were made. 
In addition, no interclass extrapolations were used to estimate avian TRVs from mammalian 
endpoints. No ESLs were calculated when no class-specific data were available for the 
ECOI; these will be noted and discussed in the uncertainty section of the CRA. The use of 
surrogate chemicals to evaluate ECOI toxicity will be reviewed on a case-by-case basis. 

Ecological Contaminants of Interest with Minimal or Insufficient Data 

For ECOIs where some toxicity data have been identified but the data are limited in either the 
quality of endpoints identified, test species evaluated, or studies identified, uncertainty 
factors have been applied in order to provide a level of comfort that the TRV is of a 
conservative nature. Uncertainty factors have been applied to the TRVs in Table B-2 if the 
following cases apply: 

I .  If a TRV is based on data from only one species, a n  unccrtainty factor i s  needed to 
guard against the possibility that the TRV for that species in near the middle or upper 
end of the species sensitivity distribution. Based on the inter-species variability data 
reported in USEPA (1996), an uncertainty factor of 10 will be used to include at least 
78% of the potential for variability in inter-species sensitivities. 

2. If a TRV is based on lethality only (no data on growth or reproduction), an 
uncertainty factor is needed to guard against the possibility ,that the TRV for these 
endpoints is substantially lower than for lethality. The CRA Workgroup decided i n  
consultation that an uncertainty factor equal to 5 would be adequately conservative 
for use i n  this case. 

If both conditions apply (only one species, only lethality data), the Risk Assessment Work 
Group has determined that the database is too weak to support the development of a credible 
TRV and that no TRV will be derived (rather than applying a combined uncertainty factor of 
50). The data for these TRVs are presented in  Table B-2 but are noted as unacceptable. 
TRVs noted as unacceptable i n  Table B-2 will not be used for screening purposes but will be 
discussed in the Uncertainty section of the CRA. 

3.1.4 Calculation of‘ ‘I’hreshold Toxicity Reference Values 

The ecological contaminant of potential concerii (ECOPC) identification process i n  the CRA 
Methodology specifies thar i f  the toxicity data for ;I particLilur ECOI are of sufficient qualily? 
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Too low Close Underestimate 

Close Too high Overestimate 

Too low Too High Un luio wn (un re1 i ab1 e) 

a tESL was calculated. Ideally, the TRV used is the threshold dose at which the response in a 
group of exposed organisms first begins to be significantly greater than in unexposed 
receptors. The threshold dose is seldom known, but is bounded between two experimental 
v a I Lies : 

0 

0 

NOAEL = Highest administered dose that did not cause an effect; and 

LOAEL = Lowest administered dose that did cause an effect. 

If the NOAEL and LOAEL are both close to the threshold, then the geometric mean of the 
two values is likely to be a reasonable estimate of the true threshold dose. However, if 
neither the NOAEL and/or the LOAEL is close to the threshold, then the geometric mean 
may not be a reliable estimate of the threshold. Several different cases may be distinguished, 
as shown below: 

NOAEL I LOAEL I Estimated Threshold 

Close I Close I Re1 iable 

Because of thc potential error that might occur i n  an estimate of the threshold when neither 
the NOAEL and/or the LOAEL is close to the true threshold, a data quality rule is needed in 
order to judgc whether the NOAEWLOAEL data are sufficient to allow the derivation of a 
reliable estimate of the threshold. The data quality rule is as follows: 

“A threslzold was only calculated if the LOAEL represerits a response that is at the low end 
of the dose respoizse curve ($or example, LOAEL < tlze 20 percent effects corzcentratiori 
[EC20]). ’’ 

There is no requirement regarding the value of the NOAEL. 

This approach minimizes the hazard that the threshold will be significantly too high by 
limiting the type of LOAEL that is acceptable. It is recognized that by accepting cases where 
the NOAEL is far below the LOAEL, the’chances are increased the threshold will be far too 
low, but this error is conservative (protective) and may be preferable to using the NOAEL 
alone. 

3.1.5 TRV Confidence 

The quality of the TRV database for each ECOI is variable due to ii nuniber of factors as 
discussed i n  previous sections. While some ECOIs have been researched extensively, others 
have minimal amounts of data directly applicable to ECOPC selection. It is, therefore, 
important to highlight the qiiality of the T R V  database lor each ECOI. A qualitative 6-point 
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scale has been identified by the Risk Assessment Work Group that provides a quick guide to 
the confidence that should be placed on each TRV selected for use i n  the ECOPC 
identification process. Each ECOI listed i n  Table B-2 is assigned a TRV Confidence rating 
based on one of the following categories: 

I .  

2. 

3. 

4. 

5.  

6. 

NA - No TRV has been identified or the TRV has been deemed unacceptable for use 
in ECOPC selection. Those TRVs deemed unacceptable for use will be retained for 
use i n  the Uncertainty section of the CRA as necessary. 

Low - TRVs that have data for only one species looking at one endpoint (non- 
mortality) and from one primary literature source. 

Moderate - TRVs that have multiple primary literature sources looking at one 
endpoint (non-mortality or mortality) but with only one species evaluated. 

Good - For TRVs that have either multiple species with one endpoint from multiple 
studies or those TRVs with multiple species and muttiple endpoints from only one 
study. 

High -For TRVs that have multiple study sources looking at multiple endpoints and 
more than one species. By default, all obtained TRVs from the Sample et al ( I  996) 
and Navy (PRC, 1994) documents will receive a ‘High’ confidence rating. 

Very High - AI1 EcoSSLs (EPA 2003a) will be assigned this !eve! of confidence by 
default. This rating represents the highest quality of TRV currently only available foi 
the ECOIs that h a y  been heavily researched in the EcoSSL process. 

The six ratings levels for TRV confidence will be discussed in the Uncertainty Section of the 
CRA. The discussion will focus on the implications of using a TRV at each of the 
confidence levels in a screening-level ERA. The uncertainty section will also provide a list 
of ECOIs that are detected i n  the EU that have ‘Low’ or ‘Moderate’ confidence level, The 
results of the screening-level ecological risk assessment for each of the ECOIs that receive 
the ‘Low’ or ‘Moderate’ level will be reviewed on a case-by-case basis as necessary. 

3.2 Bioaccumulation Factor Selection for Calculation of Vertebrate Receptor 
Ecological Screening Levels ..< 

As discussed in Section 2.0, BAFs wet-e identified and calculated for use i n  the ESL 
development process. The procedures used i n  this process closely correspond to those 
developed i n  the Eco-SSL guidance (EPA 2003a). Consistent with the Eco-SSL guidance. 
BAFs are either simple ratios of ECOI concentrations bctween biota and soil or are based on 
qua titi I at I ve 1-c I ;it i o ti s ti i ps s uc h :IS 1 I near. 1 ogar i t I1 ti1 i c, or cx 110 ncn t i 111 cq 11 i o ti s . 

BAFs were calculated or identified for thc following pathways: 

Soi I -  to-pl ;int 
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Soil-to-terrestrial invertebrate 

Soil to small mammals or birds 

Several sources of BAFs were available for some ECOIs. In cases where inore than one 
BAF was available, the following hierarchy was utilized; 

1. Oak Ridge National Laboratory BAFs for plants, terrestrial invertebrates, and small 
mammals -This series of three documents (Sample et al. 1998a, 1998b, and ORNL 
1998) provide high quality BAFs derived from large datasets for many inorganic and 
organic ECOIs. The BAFs recommended in each of the documents, whether a BAF 
or linear regression) were used and are presented on Table B-3 A. 

2. EPA Eco-SSL Guidance (EPA 2003a) - Several ECOIs had plant, terrestrial 
invertebrate, or small mammal BAFs derived for use in this document. BAFs 
specifically derived for the Eco-SSL Guidance were used as presented in Attachment 
4- 1 of the Guidance documents and are listed i n  Table B-3 A. 

3. For inorganic ECOIs, soil-to-plant and soil-to-small mammal BAFs from Baes et al. 
(1984) were used when none were available i n  either of the two sources listed above. 
Baes et al. (1 984) provides BAFs for all elements on the periodic table of elements 
calculated by tracing uptake of inaterials either into plant tissues (leaves) or beef. 
.While the BAFs used in this step are of adequate quality for use in ECOPC 
identification, they are based on a much smaller and more narrow dataset than the two 
BAF sourccs discussed above (Table R-3 A). 

4. For organic ECOIs with no empirically hculated BAFs available in the first two 
sources, Log Kow equations as presented and modified i n  the EPA Eco-SSL (EPA 
2003a) Guidance document were used to estimate BAFs. These values are more 
uncertain than empirically-based BAFs, but are acceptable for use in ECOPC 
identification. The BAFs calculated using these equations are presented in Table 
B-3 B. 

5 .  For non-bioaccumulative inorganic ECOIs that have no soil-to-terrestrial invertebrate 
BAFs available, a default value equal to 1 was used. 

Specific sources used to obtain the BAFs presented i n  Tables B-3 A and B-3 B are listed on 
their respective tables. 

3.3 Identification of Sediment Ecological Screening Levels 

A variety of published sources of benchmarks were reviewed for use as ESLs. Prior to 
beginning the task of iden ti f y  i ng sediment benchmarks, the RFETS sediment database was 
queried to deterinink which ECOIs discussed i n  the soil ESL process were detected in 
sediments at  RFETS. The ECOIs tha t  were detected at least once i n  sediments are listed in 
Table B-4. The sediment ESLs presented i n  Tnble B-4 represent threshold or no effects 
levels and \vere obtained from the I'ollo\ving hiei-archy of sources. 
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1 .  

2. 

3. 

db 
5 .  

Consensus-based threshold effects concentrations (TECs) from MacDonald et at. 
(20003,b) - Consensus TECs represent a source of quality threshold concentrations 
that were compiled from published TECs from multiple sources. 

Interim sediment quality guidelines (ISQGs) from the Canadian environmental 
quality guidelines (CCME 2002) - Several ISQGs are presented i n  Table B-4 for 
those ECOIs that had no TECs identified in the first set of sources. ISQGs are 
conservative, low-end threshold or no effects concentrations. 

Equilibrium partitioning values (EqPs) - For non-ionic organic ECOIs lacking 
consensus TECs or ISQGs but with surface water ESLs available; EqP criteria were 
calculated using the soil partitioning coefficient (K,,,) and fraction of organic carbon 
in sediments (foe). The equation used (EPA 1997b) was: EqP = ESL,,,,, * KOc * fbc 
EqP ESLs are based on the theory that the pore water in sediment is the point of 
contact for most benthic aquatic organisms'and that the concentration in pore water is 
related to the organic content in sediments and the soil portioning coefficients. 
Values for all of the equation parameters are presented in Table B-4. 

For those ECOIs with no ESLs identified in any of the three sources listed above, a 
compendium of sediment ESLs (MacDonald et at. 1999) was consulted in order to 
identify an ESL of adequate quality for use. When MacDonald et al. (1999) was used 
and more than one sediment ESL was available, the highest conservative screening 
level value (i.e. TEL, LEL, NEL, ERL) from applicable water body types was 
selected for use and are presented in Table B-4.. 

No acceptable ESLs were identified for several sediment ECOIs. Those ECOIs 
without ESLs are identified i n  Table B-4 and will be discussed qualitatively in the 
CRA. Identification of Surface Water Ecological Screening Levels 

Similar to the sediment ESLs discussed above, surface water ESLs were identified from 
several published databases of surface water quality criteria (Table B-5). These 
concentrations represent the potential for toxic effects to the aquatic community. Two ESLs 
were identified, where possible, for each ECOI detected in a surface water or groundwater 
sample at RFETS. An acute and chronic ESL was identified from the following hierarchy of 
sources: Colorado Department of Public Health and Environment (CDPHE) Regulation 
Number 3 1 ( 5  Colorado Code of Regulations [CCR] 1002-3 I ) ,  EPA ( 1  999b, 2002), MIDEQ 
(2003), CCME (2002), Suter and Tsao (1996), and NY State (1998). . 

3.4 Identification of Soil Screening Levels for Soil Invertebrates 

ESLs were identified for soil invertebrates and are presented i n  Table B-6. As with surface 
water and sediments these ESLs are represented by a concentration i n  soil below which no 
effects ure espected. A relatively large database of soil ESLs is avai1;ible for earthworm 
toxicity. These ESLs, however, a1.e highly conservative for use i n  the CRA due to the 
general lack of earthworm species at the Site. Eaidiwoi-ins are generiilly more susceptible to 
effects I'i-om contamination than  are other invertebixtes clue to the clegi-ee of' contact dLiring 
burro\ving and their t h i n  epiclermis t h a t  ~irovides them w i t h  very little protection. However, 
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given the scarcity of non-earthworm ESLs and the intended conservatism inherent in'the 
ECOPC identification process, the earthworm ESLs were used. 

Earthworm ESLs have been compiled i n  the Eco-SSL guidance docunients (EPA 2003a) for 
several ECOIs and in a document from Oak Ridge National Laboratories (Efroymson et al. 
1997a). Where ESLs were available i n  the Eco-SSL (EPA 2003a) document, they were 
given priority over the ESLs from Efroymson et al. (1997a). 

No ESLs were identified for several ECOIs. ECOIs with no terrestrial invertebrate ESLs will 
be discussed qualitatively in the CRA. 

3.5 Identification of Soil Screening Levels for Terrestrial Plants 

ESLs that can be used to predict the potential for no effects to terrestrial plant communities 
were also identified for the entire list of soil ECOIs (Table B-6). Terrestrial plant ESLs are 
typically concentrations of ECOIs in soil below which no adverse effects are expected. Plant 
ESLs calculated in the EPA Eco-SSL Guidance (EPA 2003a) were given priority over all 
other values. Another set of ESLs is also available from Oak Ridge National Laboratories 
(Efroymson et al. 1997b). These values were used for those ECOIs that lacked plant ESLs 
from the Eco-SSL Guidance document. 

No ESLs were identified for several ECOIs. ECOIs with no plant ESLs will be discussed 
qualitatively i n  the CRA. 

4.0 ECOLOGICAL SCREENING LEVELS 

The ESLs represent generic concentrations below which little to no risk is predicted to 
populaiions of receptors potentially inhabiting RFETS. Tables B-4 through B-7 present the 
ESLs for the receptors presented i n  Table B- 1. Benchmark ESL values for aquatic life in  
sediment and surface water are presented i n  Tables B-4 and B-5 and benchmark ESLs for 
terrestrial invertebrates and plants are presented in Table B-6. Vertebrate ESLs are presented 
in Table B-7. Table B-8 presents the radionuclide ESLs. The ESL calculations for all ECOIs 
are presented in Attachment 4. 
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Table 8-1 
Receptor-Specific Input  Pa rame te r s  Used in ESL Calculations 

NOTES: 
I<rcrptor pnrnmetcrs for :ill receptors with the exception of the Prairie Dog and the Mourning Dove were taken froiii the Watershed Risk Assessment (DOE, 1996b) and referenced to the original source. 
i\ll recepior p:ir:iineters :ire estimates of central tendency except where noted. 
All v: i Iws iire preseriled in a dry tveight basis. 
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e Table U-2 

T R V s  for Terreslr ia l  Vertebrate Receptors 

NA 

N A  LOU' 

NA No h l a  nvailahlc 

NA N o  dilr  3vnil;lhlc 

High 
NA N o  doln nvnilahlc 
NA Nu ~ J U  avaiIaNc 
NA Nodala avrilahlc, 
NA . Nu dam w!ilahlc 
NA Nu d m  avnilnhlc 
NA No dalr avaihhlc 
NA No dava aviilahlc 

Vo). High 

High 
NA No &la available 
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'' I n g  Kow Values C;ilcul;iied hy KOWWIN snft\v:Irc. l i f ip: / /esc.s~~res.cni i i / i t i lerk~~\~/ logkr~\\~. I i i~~i  

I' Values ill U01,l) ivere inken lroni Eco-SSL!EI'A 20031) Ciii!l;wct. Olpptxdix 4 - ! )  i i ~ i d  w w  !IO! c:~!ct!l:~tcc! -si::g :he eqilntioiis biloiv 

Values in Irdicv wei'e 1101 used iii up1:ike niodellilig 10 plaiifs. hut were used in flir esriiiiniioii of BAI3 Il.clni soil io smal l  ninniiiiid rissties 
1'1;111t uplnke niodels lor ihese ECOls nre presented ill Tahle B-3 A. 

'I Values are for soil IO siii;i11 rnarnni;il :iiid :Ire calculnred ns sI in\ \~~i  below. 

BAF Mlodels Frorrr EPA 2003a: 
Soil to Plant 
Log BAF=-.1087(Log Kow)t0.0927 
- Since soil ingesrioii is accounled for in the intake model, the model lor washed vege1;ilioii \\,;IS used 

Soil to Ear thworm 

Organic Coliterlr (foe) assumed IO be  0.01 (EPA 2003n) 

1)iet to Small h1amm:ils 
I n g  13AFl,sh, = 0.338 - 0.014S(IagKow) 

Soil to Small Mammals  

B A F =  IO'YLog K O W  - 0.6)/(f0~(10*(0.983(Log KOW + 0 , 0 0 2 8 ) ) ) )  

B A F =  BAF1,shi *((0.S '' BAFpl;,,,J + (0.5 * RAF ,,," )) 



* 

I 4.34E+01 I MacDonald et al. 2000b I Chrom 111 111 I I I 

* 

(Total) I NA 

Table B-4 
Sediment ESLs for Aquatic Receptors 
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Sediment ESLs for Aquatic Receptors 
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Table B-4 
Sediment ESLs for Aquatic Receptors 

NOTE: The wntrr  ESlS used to cnlculnte EqP-based ESls are chronic values. 
':iri ol' Epi Suite. developed by EPA. Office I'revention Toxics a i d  Syracuse.Research Corporntioii. copywritpht 2000. EPA. 
11: detected i n  sediments are listed. 
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Table B-5 
Surface Water ESLs for Aquatic Receptors 
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Sodium 

Sulfate 
Sulfide 

Titanium 

tliins- I .2-Dichloioetheoe 

Tiitiuin 

Uraniuni 

Table 8-5 
Surface Water ESLs for Aquatic Receptors 

UT UT 

UT UT 
UT UT 
UT UT 

25.000 1.500 Tier II M D E Q  2003 
UT UT 
2402 1501 Tier I1 Uodated value. hardness deoendent = 100 m a  CDPHE 2002 

I I I I I 
NOTES: N A  = Not available: AWQC = Ambient Warrr Quality Ciiteria 

I I I I I 

Citatinns hu priority 
I) CDPHE 2002 

3) h1U)EQ 2003 
4) CChlE 2002 
5 )  DOE 1996c 
6 )  NY State 1999 

, I I I I 

I The itcute !,iduc fox iiniiiioiiiiini was cnlculatcd using the following nssornplions: \vai~.r  tempcxatwt: = 20" C. pH = 7.0. The equation for calculating this value is: O.J3/FTA:PHf2 

' TIIC :Icutz ci i tei ioi i  Ior ~Yllti lCil~OiO~lh~liO~ was calculated as ( u p (  I .oos*(~H)-J 569))*2: p~ was assumed to be 7.0 
fhc cliionic criteiiii for pciitnchlotoplieiiol was calculated :is C X ~ (  I .005*(pll)-5.13J): pH w a s  assuincd to be 7.0. I .  
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Table B-6 
ESLs for Terrestrial Invertebrates and Plants 
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ESLs for Terrestrial Invertebrates and Plants 
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Table B-6 
ESLs for Terrestrial Invertebrates and Plants 

NA = Not available 
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Table B-7 
Summary of ESLs Tor Terrestrial Vertebrate Receptors 
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Table B-7 
Summary of ES1.s lor Terrestrial Vertebrate Receptors 
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Table 6-7 
Summary of ESLs for Terratrial Vertebrate Receptors 

Notes: 
All values are presented in mglkB soil (dry weight) 
Threshold ESLs are calculated using threshold TRVs derived for sitespecific use. 
NA = Not aviulable. - 

. .  

\ 
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Table B-8 
ESLs for Radionuclides 

Uranium-238 1.588+03 2.49E+03 2.23E+0 1 

Source: RESRAD-BIOTA BCG Level 1 

1 - Riparian species is the  limiting receptor. 

2 - NA = not available 
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
ER REGULATORY CONTACT RECORD 

Date/Time: 

Site Contact(s): 
Phone: 

April 14, 2005 

Julie Keating 
303 966-5205 
K-H RISS 

Regulatory Con-Act: Carl Spreng Tracy Hammon Robyn B ..lckburn Susan Griffin 

Agency: CDPHE CDPHE USEPA USEPA 
Phone: 303 692-3358 303-692-2693 303-3 12-6663 303-3 12-665 1 

Purpose of Contact: 
Site Data to Background Data 

Documentation of Background Data Set arid Statistical Comparisons of 

Discussion 
During a meeting of the Risk Assessment Working Group on March 24, 2005, alternate 
approaches to defining background data sets and performing statistical comparisons of 
Exposure Unit (EU/Aquatic Exposure Unit (AEU) data to the background data were 
discussed. These approaches refined those defined in the Comprehensive Risk 
Assessment (CRA) Work Plan and Methodology (DOE 2004). In a meeting between 
Julie Keating (K-H RISS), Robyn Blackburn (USEPA), Tracy Hammon (CDPHE), and 
Susan Griffin (USEPA) on April 4, 2005, a final approach was defined and is described 
herein . 

Background data for the site were collected under two programs, and are summarized i n  
two separate reports. Surface soil background data are summarized i n  the Geochemical 
Characterization of Background Surface Soils: Background Soils Characterization 
Program (BSCP) (DOE 1995). Background data for all other environmental media are 
summarized i n  the Background Geochemical Characterization Report (BGCR) (DOE 
I 993). 

For surface soil, the CRA will use only BSCP data for background comparisons. These 
surface soil sample locations are not on site. 

For subsurface soil, stream sediment, and stream surface water, the CRA will use most of 
the BGCR sample locations. Per our discussion on April 4, data for three downstream 
sampling locations will be removed from the BGCR background data set; 
SW004/SED022 and SW 108/SED02 1 i n  the Rock Creek drainage, and 
SW04 I/SED04 1 /SED0 17 i n  the Wonian Creek drainage (see attached map). For all 
reiiiaining BGCR background sampling locations, all BGCR data will be used as well as 
all data collected through 2004 at these locations (applicable to surface water and 
sediment sampling). The BGCR sampling locations are all on site. Please note tha t  only 
sediment and sLirface water data for streams, and not seeps, are usecl for background data. 
SEDO IS? SEDO 19, and SW I3 I in the Antelope Springs area of the, Woman Creek 
cl rai n age were removed because these sam 11 I i 11 g I ocat i on s a1.e assoc i at ecl \\I i I h seeps . 

Conracl I<ccortl 04- 14-05 
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Background data sets will be recalculated for surface soil, subsurfacc soil, sediment (all 
depths), surface soil combined with surface sediment (end depth 6 inches or less), 
subsurface soil combined with subsurface sediment (end depth grcatcr than 6 inches), 
surface water (total concentrations), and surface water (dissolved concentrations). The 
combined surface soil/surface sediment and the subsurface soiI/subsurface sediment 
background data sets will be developed because the data for these media are combined on 
an EU basis to select Contaminants of Concern (COCs) in evaluating risk to human 
receptors. The determination of the COCs requires a comparison of EU data to the 
appropriate background data set. 

In determining COCs and Ecological Contaminants of Potential Concern (ECOPCs), EU 
and AEU data will be statistically compared 'to the appropriate background data set to 
determine if the analytes are at concentrations within background levels in the EU/AEU. 
Before performing the statistical comparison, background data for locations within an 
EU/AEU will be removed from the EU/AEU data set, as appropriate. For COCs, the 
background data will be reaggregated with the EU/AEU data for calculation of the 
Exposure Point Concentrations (EPCs). 

References: 
DOE, 1993, Background Geochemical Characterization Rcport, Rocky Flats 
Environmental Technology Site, Golden, Colorado, September. 

DOE, 1995, Geochemical Characterization of Background Surface Soils: Background 
Soils Characterization Program, Rocky Flats Environmental Tcchnology Si tc. Golden, 
Colorado, May. 

DOE, 2004, Final Comprehensive Risk Assessment Work Plan and Methodology, Rocky 
Flats Environmental Technology Site, Golden, Colorado, September. 

Contact Record Prepared By: Julie Keating 

Required Distribution: 

M. Aguilar, USEPA 
H. Ainscough, CDPHE 
J. Bet-ardini, K-H 
B .  Birk, DOE-RFPO 

G. Carnival, K-H RISS 
N. Casraneda, DOE-RFPO 
C. Deck. K-H Legal 
N .  Demos, SSOC 
S. Garcia, USEPA 
S . G 11 ridcrson ~ C DPH E 

h4. Kcaring, K-kl RISS 
I,. Kiminel. USEPA 
11.  Kruchck, CDPHE 

L. Brooks, K-H ESS 

S .  Johl1sot1, K-H 13SS 

J .  Legare, DOE-RFPO 
D. Mayo, K-H RISS 
S. Ncsta, K-H RISS 
L. Norland, K-H RISS 
E. Pottorff, CDPHE 
A. Primrose, K-H RISS 

R. Schassburger, DOE-RFPO 
S. Serrczc, K-H RISS 

M.  ROY, DOE-RFPO 

D. Shcltol1, K-H ESS 
c. Sprcng. CDPHE 
s. Surovchak, DOE-RFPO 
J.  Walstrol11, K-H RISS 
K.  Wicmelt, K-H RISS 
C. Ziihl11, K-H lacgal 

Additional Distribution: 
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
ERREGULATORYCONTACTRECORD 

Da te/Ti me: April 18, 2005 

Site Contact(s): Julie Keating 
Phone: 3031966-5205 

Regulatory Contact: Carl Spreng Tracy Hammon Ro by t i  B 1 ackburn 
Agency: . CDPHE CDPHE USFWS Liaison 

Phone: 3031692-3385 3031692-2693 30313 12-6663 
to USEPA 

Purpose of Contact: Documentation of Aquatic Exposure Units for the Comprehensive Risk 
Assessment and Accelerated Action Ecological Screening Evaluation 

Discussion 

During the latter stages of development of the Comprehensive Risk Assessment (CRA) Work 
Plan and Methodology (CRA Methodology) (DOE 2004a) i n  August 2004, it was suggested i n  a 
Risk Assessment Work Group Meeting (August 5 ;  2004) that the aquatic assessment (surface 
w t e r  m d  sediment) for ecologica! receptors be performed on a \~~atP,!-slied-specific basis rather 
than the exposure un i t  (EU) basis already agreed upon for terrestrial ecological receptors. DOE 
agreed to the suggested modification, text was added to the final CRA Methodology specifying a 
watershed-specific assessment, and draft drainage EUs were prepared for the work group‘s 
review. 

Following discussion of the proposed drainage EUs in subsequent work group meetings, the 
group concurred on the final configuration (October 14) of seven EUs. However, concurrence 
occurred after publication of the Final CRA Methodology i n  September 2004. This Contact 
Record documents the drainage EUs. 

The attached map shows the drainage EUs identified as follows: 

Rock Creek Aquatic EU; 
h‘lcKay Ditch Aquatic EU; 

0 Southeast Aquatic EU. 

No Name Gulch Aquatic EU; 
North Walnut Creek Aquatic EU 
South Walnut Creck Aquatic EU; 
Woman Creek Aquatic EU; and 

The names of the EUs have been changed slightly by DOE crom the names on the EU boundary 
map agreed upon by the work group. This was done to clearly identify them ;IS aquatic a n d  avoid 
con’fusion with the terrestrial EUs. The aqualic EU boundaries are tliosc agrcecl upon by the work 
group. Volume I5 of the CRA Report will be re-titled to read: “Risk Assessmeiit for Aquatic 
lieceprors atid \Vide-Rangi ng Ecological Receptors.” 

Contact 1~ccol.cl 04- 18-05 
I’agc 1 of’ 2 



The aquatic EUs will also be evaluated to determine whether there is a need to pe’rforin 
accelerated actions to protect aquatic ecological receptors. The Accelerated Action Ecological 
Screening Evaluation (AAESE) for the Aquatic EUs follows the ecological contaminant of 
potential concern (ECOPC) procedure specified in  appendix D of the Industrial Area and Buffer 
Zone Sampling and Analysis Plan (DOE 2004b) and the CRA Methodology. Assessments will be 
perfoi-med to evaluate data from areas within the EU that may be of concern because of the 
distribution of ecological contaminant of interest (ECOI) sampling and concentrations. Two sets 
of maps will be produced to be included in the assessment. ECOIs will be mapped when: 

e 

I .  The ECOI maximum concentration is greater than the ESL, but the 95 percetlt upper 
confidence limit on the mean (UCL) or 95 percent upper tolerance limit (UTL) is less 
than the ecological screening level (ESL). 

2. The ECOI is detected at a frequency of less than 5 percent. 

These‘maps will ensure that ECOIs that may be of concern in ponds and other limited reaches of 
the  watershed are properly assessed. 

References: 

DOE, 2004a, Final Comprehensive Risk Assessment Work Plan and Methodology: Rocky Flats 
Envii-onmental Technology Site, Golden, Colorado, September. 

DOE, 2004b, Industrial Area and Buffer Zone Sampling and Analysis Plan, Rocky Flats 
En vi’ ron meii la I Technology S i te, Golden, Colorado, May 

Contact Record Prepared By: Julie Keating 

Required Distribution: Additional Distribution: 

M. Aguilar,’USEPA . 

H. Ainscough, CDPHE 
J. Berardini, K-H 
B . B i rk, DOE-RFPO 
L. Brooks, K-H ESS ’ 

G. Carnival, K-H RISS 
N. Castalieda, DOE-RFPO 
C. Deck, K-H Legal 
N. Demos, SSOC 
S. Garcia, USEPA 
S. Gunderson, CDPHE 

M. Keating, K-H RISS 
L. Kimniel, USEPA 
D. Kruchek, CDPHE 

S. Johnson, K-H ESS 

I Conrncl Recorcl 04- I s-05 

I 2$’” 

J. Legare, DOE-RFPO 
D. Mayo, K-H RISS 
S. Nesta, K-H RISS 
L. Norland, K-H RISS 
E. Pottorff; CDPHE 
A. Primrose, K-H RISS 

R. Schassburger, DOE-RFPO 
S. Serreze, K-H RISS 
D. Shelton, K-H ESS 
C. Spreng, CDPHE 
S. Surovchak, DOE-RFPO 
J. Walstrom, K-H RISS 
K. Wienielt, K-H RISS 
C. Zahm, K-H Legal 

M. ROY, DOE-RFPO 
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T. Hammon, CDPHE 
R. Blackburn, USFWS 
Liaison to USEPA 
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DRAFT 
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 

ER REGULATORY CONTACT RECORD 

Da te/Time : July 2 1,2005 

Site Contact(s): Julie Keating 
Phone: 3031966-520.5 

Regulatory Contact: Carl Spreng Raj Goyal Robyn Blackburn 
Agency: CDPHE CDPHE USFWS Liaison 

to USEPA 
Phone: 3031692-3385 3031692-2693 30313 12-6663 

Purpose of Contact: Documentation of refinements to the CRA COCIECOPC flowcharts 

Discussion 

During tlie completion of the Comprehensive Risk Assesment.(CRA), several refinements to thc 
contaminants oi’ concern (COC) seieciion process for the human’lieaith risk assessments and the ecological 
contaminants of potential coiicerti (ECOPCs) for the ecological risk assessments havc been identified that 
will improve the transparency and efficiency of the selection of COCs and ECOPCs for the CRA. These 
refinements to the CRA Mctliodology were preliminarily discussed b y  tlie Risk Assessmcnt Working 
Group (RAWG) during thc May I I ,  2005 RAWG meeting. Additional discussions of the refined flowcharts 
took place on June 23, 2005 and July’l2,2005. The changes that were agreed upon by the regulatory 
agencies and DOE as a result of these meetings are docuinentcd on the attached figures thai will act as 
replacements for the existing Figures 4.4 and 7.3 in the CRA Methodology. 

, 

The change i n  Figure 4.4 for the COC selection process is an additional step for the preliminary 
rernediation goal (PRG) screen. In the CRA Methodology, tlie PRG screen consisted of a comparison of 
maximum detected conccntrations of each preliminary COC (PCOC) to the PRGs (shown as Step la on the 
attached Revised Figure 4.4). The additional step consists of a comparison of the upper confidence limit on 
the iiiean (UCL) to the PRG (shown as Step I b on the attached Revised Figure 4.4). This additional step 
was rccommended by EPA and CDPHE based on EPA Rcgion 8 guidance for selection of COCs (EPA 
1994). 

The primary changcs i n  Figure 7.3 arc as follows: 

Addition of n professional .judgment cvaluation for tlic Preblc’s mendo\\~jiimpitig mouse (PMJkI) 
ECOPCs (shown as Step 5 i n  tlic PMJM section on tlic attaclied’Re\,ised Figurc 7.3). 

0 Cliangc i n  tlic order ol’ the stcps for tlic non-PMJM rcceptors ECOPCs; tlie professional judgiiicnt 
e\~alit~ition w a s  movcd SO t ha t  it  occurs alter thc coinparison of cxposurc point concciitralioiis 
(I3’Csj to ccologicnl scrccning IcvcIs (lirofessional ;udgment is shown as Stel, 5 i n  thc non-Phl.lkl 
section on thc attxhed Itevisccl Fiyitre 7.3). 

. 

Contact liecord 052605 
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0 Change i n  the wording of the Background Comparison step for the PMJM ECOPCs. The-wording 
was changed from “Is sampling location concentration > background’?” to “Is PMJM h a b‘ ltat > 
background?” (shown as Step 3 in thc PMJM scction of the attached Revised Figure 7.3). 

Separate background comparisons will bc conducted for PMJM and non-PMJM receptors as outlined in  the 
CRA Methodology. For the PMJM receptors, thc data set from the PMJM habitat arcas within an EU will 
be compared to the background surface soil data set using a statistical test (i.e., Studcnt‘s t-test or Wilcoxon 
Rank Sum Tcst depending on the distributions of the data sets). The rationale for aggregating data across 
the PMJM habitat areas within an EU will be provided in the CRA. The rationalc will include statements 
related to lack of spatial patterns, fate and transport processes, and site processes that would have resultcd 
in impacts to specific sub-areas with the PMJM habitat areas within an EU. For the non-PMJM receptors, 
the data set for the whole EU will be conipared to the background surface soil data set using a statistical 
test as described abovc for the PMJM receptors. 

If it is determined that concentrations of an ecological contaminant of interest (ECOI) are not statistically 
greater than site-specific background concentrations, it is not retained for further risk assessment and will 
be documented in the uncertainty section of the CRA. If it cannot be determined that on-site concentrations 
of the ECOI are similar to background concentrations using. the statistical test, the ECOI ‘is discussed i n  a 
professional judgment evaluation as outlincd i n  the CRA Methodology. 

The professional judgment evaluations will include summaries of EU-wide physical characteristics, data 
quality assessment and spatial pattern recognition. In addition, chemical-specific discussions of process 
knowledge, spatial trend evaluations, pattern recognition, and qualitative risk potential will be provided in  
the professional judgment sections of each CRA volume. The professional judgment sections will discuss 
the above lines-of-evidence i n  tcrins of non-PMJM and PMJM receptors wherc appropriate. 

Additional refinements to Figure 7.3 wcrc made so that the Data Quality Assessiiknt (DQA) scrccn applies 
to both PMJM and non-PMJM receptors and the detection frequency and background comparison steps are 
shown as decision boxes (diamonds) and are separated into two distinct steps. 

Reference: U,.S. Environmental Protection Agency (EPA) 1994. “Evaluating and ,Identifying Contaminants 
of Concern for Human Health.” Region 8 Superfund Technical Guidance. No. RA-03. Septenibcr. 

Attachments: Rcvised Figure 4.4 Human Health CRA COC Sclcction Process and Figure 7.3 Sitewidc 
ECOPC Identification Process (CRA Methodology). 
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DRAFT Revised Figure 4.4 pugust 2005 

Figure 4.4 Human Health CRA COC Selection Process 
I 
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DRAFT Revised Figure 7.3 August 2005 
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Figure 7.3 Sitewide ECOPC Identification Process 
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY .SITE 
ER REGULATORY CONTACT RECORD 

D a te/Ti ni e : ' September 22, 2005 
Site Contact(s): Julie Keating 
Phone: 303-966-5205 

Regulatory Contact: Carl Spreng Raj Goyal Robyn'Blackburn 
Phone: 3031692-3385 3031692-2634 30313 12-6663 

Agency: CDPHE CDPHE USFWS Liaison 
to USEPA 

Purpose of Contact: Documentation of CRA Ecological Risk Characterization Format 

Discussion 
During the preparation of the pre-draft Comprehensive Risk Assessment (CRA) volumes, several 
meetings and conference calls were held to discuss the format for presenting ecological risk 
characterization results for the Exposure Units (EUs) at RFETS. The purpose of this contact 
record is to document the format for presenting the hazard quotient (HQ) assessments that was 
agreed upon by t h e  CRA Team and the reguiatory agencies during a conference call on 
September 14, 2005. 

HQs will be presented for each ecological contaminant of potential concern (ECOPC)/receptor 
pair that is carried forward to risk characterization. HQs will first be calculated based on default 
exposure parameters, default bioaccumulation factors (BAFs), default no observed adverse effects 
levels (NOAELs), threshold effects levels (if available), and default lowest observed adverse 
effects levels (LOAELs) (if available) that are identified in the CRA Methodology (DOE 2004). 

70: large home range receptors, the upper confidence limits on the means (UCLs) as determined 
using ProUCL software (Singh, et al. 2004) will be used as the exposure point concentrations 
(EPCs) for the HQ calculations. For sinall home range receptors, the 95 percent upper confidence 
limits on the 90'" percentiles (UTLs) as determined using S+ software (Insightful 2002) will be 
used as the EPCs for the HQ calculations. For the Preble's meadow jumping mouse (PMJM), the 
UCLs calculated for the habitat patches will be used as the EPCs for the HQ calculations. In cases 
where the calculated UCL or UTL exceeds the maximum detected concentration (MDC), the 
MDC will be used as the EPC. Both Tier I and Tier 2 EPCs, a s  defined in the CRA Methodology, 
will be used for the default HQ calculations. 

For ECOPC/receptor pairs with HQs less than or equal to one bas'ed on default parameters and 
LOAEL values, ;I qualitative uncerlainty discussion will be provided and no additional HQ 
calculations will be performed. For ECOPC/receptor pairs with HQs greater th;in one based on 
default parameter ancl LOAEL values, an additional HQ assessment will be conducted using 



alternate exposure scenarios, BAFs, and toxicity reference values, as appropriate, to provide a 
quantitative evaluation of the uncerlainties associated with the default parameters. 

References : 
DOE 2004. Final Comprehensive Risk Assessment Work Plan and Methodology, Rocky Flats 
E t i  vi ro t i  menta I Technology S i te. Go Iden, Colorado. Sep tenibe r. 

lnsightful Corporation, 2002. S-Plus 6 for Windows. Seattle, Washington 

Singh, A, A.K. Singh, and R.W. Maichle, 2004. ProUCL Version 3.0. Users Guide. Las Vegas, 
Nevada. April. 
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
ER REGULATORY CONTACT RECORD 

Date/Time: October 5,2005 
Site Contact(s): Julie Keating 
Phone: 303-966-5205 

Regulator Contact: Carl Spreng Raj Goyal Susan Griffin Robyn Blackburn 
Phone: 3031692-3385 3031692-2634 30313 12-665 1 303131 2-6663 z 
Agency: CDPHE CDPHE USEPA USFWS Liaison 

to USEPA 

Purpose of Contact: Documentation of Additional Sediment and Surface Water ESLs, 
Surface soil and Subsurface Soil PRGs, and Volatilization PRGs not included in the CRA 
Methodology 

Discussion 
During the development of the Comprehensive Risk Assessment (CRA) Work Plan and Methodology 
(CRA Methodology) (DOE 2004) ecological screening levels (ESLs) and prcliminary remediation goals 
(PRGs) were developed for delected analytcs con!ained in the So!! ax! W a w  Databnsc (SWD). Sincc :hc 
publication of the CRA Methodology, it has come to our attention that several analytes with low detection 
frequencies werc not included i n  the ESL and PRG lists in  Appendices A and B of that document. 

Tables 1 and 2 list analytes i'n surface water samples and in sediment samples that have detections and were 
not included i n  the original search for ESLs during the developmcnt of the CRA Methodology. ESLs were 
then developed for 24 analytes reported for surface water samples (Table 1) and for 15 analytes reported for 
.sediment samples (Table 2) using the hierarchy of published sources as defined i n  Appendix B of the CRA 
Methodology. Toxicity reference values were not available in the published sources for the other analytes 
listed on Tables I and 2 and therefore, ESLs were not developed for those analytes. The surface water 
ESLs for nitrite and uranium have also been updated (Table I ) .  

In addition, the manganese ESL for soil for the prairie dog receptor was revised because it was calculated 
incorrectly i n  the CRA Methodology. Recalculation of the manganese ESL using the exposure parameters 
presented in thc CRA Methodology results in  an ESL of 1519 milligrams per kilo&am (mg/kg). In 
addition, the total PCB ESLs for soil for the kestrel and tlie total PCBs ESLs and thresliold ESLs for the 
coyote (carnivore and generalist) were revised because they were calculated incorrectly in the CRA 
Methodology. The soil-to-small mammal BAF is dependent on the soil-to-plant and soil-to-invertebrate 
BAFs. The soil-to-spiall mammal BAF presented i n  the CRA Methodology incorrectly used a soil-to- 
invcrtebratc BAF estimated from the log KO,,, model. This was incorrect because ;I more appropriate 
rcgrcssion-based soil-to-invertebrate BAF was available :inti should have been chosen for use over the log 
K,,v-hnsed valuc. Recalculation of the PCB ESLs resulls in  reviscd ESLs for k&\l PCBs as follows: 0.886 
ing/kg lor thc kcslrel; 5. 19 mg/kg for the coyote carnivorc a n d  6.04 mg/kg for thc Ihreshold ESI, for the 
co)ic)ic c;irnivorc. and 3.32 mg/kg Tor the ESL for thc cuyorc gcncixlist and 3.88 rng/kg for tlie threshold 
ESL for the coyotc generalis(. 

COlll ' lCl liecol-tl 6/20/02 
l tcv 5/?! 1/05 
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Tables 3 and 4 list analytes i n  surfacc soil, sediment and subsurface soil samples that have detections and 
for which PRGs could be dcveloped (i.e., toxicity values werc available in thc sources defined in thc CRA 
Methodology). PRGs were developcd for I O  additional analylcs reported for rhcse media (Table 3 and 4) 
using thc sources that are defined i n  Appcndix A of the CRA Mcthodology. 

Tables 5 and 6 list volatile organic compounds (VOCs) in subsurfacc soiI/subsurface sediment and 
groundwater, respectively,, that had detections and for which PRGs could be developed (i.e., thosc analytes 
that arc included in the Johnson and Ettinger rnodcl as described i n  Appcndix A of the CRA Methodology). 
PRGs were devcloped for 13 additional VOCs in  subsurface soil/subsurface sediment and seven VOCs in 
groundwater. 

These additional ESLs and PRGs have been added to the screening procedure for the CRA. 
. .  

Reference: 
DOE, 2004, Final Comprehensive Risk Assessment Work Plan and Methodology, Rocky Flats 
Environmental Technology Site, Golden, Colorado, September. 

Attachments: 
Table I Additional Surface Water ESLs not included i n  the CRA Methodology 
Table 2 Additional Sediment ESLs not included in the CRA Methodology 
Table 3 Additional Surface Soil PRGs not included in the CRA Methodology 
Table 4 Additional Subsurface Soil PRGs not included in the CRA Methodology 
Table 5 Additional Subsurface Soil/Subsurface Sediment Volatilization PRGs not included in the CRA 

Table 6 Addjtional Groundwater Volatilization PRGs not included i n  the CRA Methodology 
Methodology . 
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Table 3 
Additional Surface Soil PRGs 

not included in  the CRA hlethodology 



Table 4 
Additional Subsurface Soil PRGs 

not included in the CRA Methodology 

\ 
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Table 6 
Additional Groundwater Volatilization PRGs 

not included in the CRA Methodology 

I ,2,4-Trimetliyll~enze11e 
1,3,5-Tri methylbenzene 
I ,2-Dichloroe~hene (cis-) 
I ,2-Dichloroethene (trans-) 
4-Mctliyl-2-pentanone 
Chloroinethane 
Di bronioinethane 

Soil PHC , 

Groirndwater I'HG 

V 95-63-6 ' 5.49E+02 5.49E+02 
V 108-67-8 5.5 I E+OO 5.5 1 E+02 
V 156159.2 2.96E+03 2.96E+03 
V 156-60-5 3.23E+03 3.23E+03 
V 108- 10-1 6.42E+06 6.42E+06 
V 74-87-3 4.73E+03 I .97E+03 I .97E+03 
V 74-95-3 ' I .35E+04 I .35E+04 
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Attachment 1 
Scoring of Primary Toxicity Reference Values Sources 

Contaminant Contaminant Test Dose Dose Dose Exposure Statistical Test 
Substrate Quantification Range , Route Endpoint Duration Power Comnditions Data Source Form Title COPEC Class Study Species Form 

Research Triangle Institute 1986 2,3,4,6-Tetrachlorophenol Mammal Rat 2,3,4,6-Tetrachlorophenol 0 10 10 IO 10 8 10 10 10 10 
Rhodia 1969 4-(2,4-Dichlorophenoxy) Butyric Acid (2,4-DB) Mammal Dog -Dichlorophenoxy) Butyric Acid (2, 0 10 10 0 10 10 10 6 10 10 
Robinson et al. 1981 I ,2.4-Trichlorobenzene Mammal Rat 1,2,4-Trichlorobenzene 10 10 10 10 10 5 4 10 10 10 

0 Sum 
Score 

88 
76 
89 
63 
94 
98 
33 
94 
92 
100 
82 
71 
82 
68 
69 
91 
100 
65 
98 
74 
88 
68 
83 
93 
70 
78 
55 
44 
98 
94 
79 
76 
98 

Use 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
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Anshmcnt 2 
Toxicity mtn Urd To Dmw NOAEL and ' l h d m l d  Toxicity Ref- Vdusr 

NA NA No EffDu N d  

NA NA 

71 

I*acaamFcta lBody 
25 85 wnnh1 

Skclda!lVt-l AImlmdm 
NA NA 85 250 

NA NA 9 No Ef'B N d  
I I I I 

NA NA 140 I NoEffeCIsNd I I 
I I 

NA NA 25 70 fncrcad h k l d l t y  

bzeaxd Wnshl om 
a n d ~ h k l d l n i  
DFnsasDd Rspodwvc 

NA NA 400 

NA NA 400 lndn 

I1 3 Nagy 1987 58 232 Lnsrrawd Mortality 

4 1  Nagy 1987 331 Dmtas m Body Wngh 

NOAEL d y  Plartererdd 1985 

ECl8 at thc WAEL YI 

mmllr (28% M d i l y  a1 
ulc LOAEL W 10% m thc NCI 1979a 

NOAEL only NCI 1979a 

98-101 W s c b - 7 I B y J w a k  Mull Matallly C h C  wm 2315 0 0 2 9  

30 W e b  -5 D o f l a k  Addl Mdlty C h C  wmsn. NA 

30 W a b  -2 Day?JWsck Mull m l t y  C h C  NA 
~~~ 

NA NA 6 3  -LongMty 

NA NA 60 I25 Ednlncmd tt-lsua 

A m y  of thc oemwvll 
Eptthclim of thc T& NA NA 110 240 No EITccEU Nold  

NA NA 252 5 No EITccEU N a d  
NA NA 675 

NA I NA I 270 I 620 I bzeaxdRodyWClght  

Rod& L r M  Sur d 
rql Wnnhl 25 250 

NA I NA I 8 5  I I 8  L~KI Effrcu m N-le 

NA I NA I 0.75 I 4.5 I LiwrBffcCU 

NOAELonly 1 I Khm Md Villcnvcvvc 1975 
WAELonlY I USFWS 1984 
WAELonlY I USFWS 1984 

I 
I 

I No EITocU N d  200 
NA XA 4 Mimimum lethal lcvcl 
NA I NA 6 Mmmllnhallcvcl 

NA NA I20 360 DclnvDd Omrium 
I I I I '  

I*nsaxinthcNlrmbsrc 
Lnc  R* NA NA 40 

I I I I W F d d B o d v  
NA NA I40 280 W*I ud lnuca.w m;h 

Ineldum of Cld? Fall* 
NA NA 250 No Effcetn N d  

NA NA 222 Dmcasd M Y  wwht 

Rvngbydd 1987 
Parrmagsofl6lgroup 

afrocld M known I Murra~dd 1978 
NOAELGmly I 

NOAEL onl R & m d d  1981 

R o b u u n d a l  1981 
R m n l a g C O f M g r o u p  

.R'ld "M known 
NOAEL onl 

P a m I l 4 g C O f M g r m p  
amid not hul l  

NCI 19780 
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Attachment 3 
Toxicity Reference Values for ECOls Derived From a Literature Review 

NCI. 1Y7Yh 

NTP.. I YS5h 

\\'cisburgcr CI ill. 19x1 

NOAEL'End&ir 

h l  cllccts ,111 grnw 
or mori:ility in rat 

N o  ohscrrcd 
ni<wi:ility in [:it) 

NII cllcct on 
tii,ii~aIity in 1:iis 

NII cllcct on 
cryhrncycs 

Plo Iiw clIccts in 
iiiicc 

lncrciisc in siill 
irtlis nnd dccrcnsc 
Iiticr SIX in rats 

blurt:ility in iiiicc 

Nu iiicrcasc in 
ninrtnliiy in r m  

N,, cllccl?. on I-al 

growth 

ir rcprirdiicti~m in 
II cllccts 0" prn" I  

rills 

$11 CIICCLS OII ict.li 
h d y  wcighi ;tiid 

reproduction 

I I  miirtnliiy c l l c c i ~  
on rats 

Mrirlnliiy in rat) 

lncrcxcd ninit;ilily 
2nd dccrcascd growth 

in rau 
lncrcnscd mortnlity in 

rats 

Dccrcnscd survival in 
rats 

NA 

hl 

NA 

84 

NA 
lncrcasc in livcr 

lncrcasc in still births 

Thc I i i imi iy  Iitci.iiurc s~~urcc  w a s  iioi oht:bjncd. 
Study \ u s  rcvicwcd in  IRIS. IRIS rcpwis 
LOAEL a1 12.5. hut thc ciidpoini um lor splciiic 
Icsioiis. Growth :!nil ni imil i iy cndpnints wcrc 
linkcd wiih 2 5  iniskg d:iy JIIZC. No c ~ l c c ~ s  wcrc 
nntctl 1w giowih or  i i i i i i ialiiy :,I tlic 12.5 ~iiglkg 
day dnsc. N<>i ci i~iuyl i  iiiIorni:ziion icg:udiiig 
nunihcr nl'niiinials :~iicctcd w:is avnihblc to 

cnlculntc a thrcshold TKV 

At 78 wccks. 12.5 ~pcrcciii i i i imdity wiis iiiiied ii 
iiinlc rats xrsus 5 %  i n  c<iiiiroIs. 

35% i i l thc  ci int~ol xiim:ils w r c  dc:td at 52  
w c k s  vcrsus Yh'l nl ihc icsi group ai ihc 
LOAEL. No thrcshold TRV w a s  c:ilcol:~icd. 

Thc priniaiy litcraiurc wurcc \":t.* nm ohiaincd. 
Thc study was prcmiicd in IRIS :IS thc only 
nvailnblc ora1 study lni ihc ECOI. NOAEL ai;d 
LOAEL ciidp~iints iiic hiiih lor  suhlcthnl 
ciyhrocpc dcsiructinn and the ahiliiy nlthnt 
endpoint to prcdici cc~~lrrg~cnl ly rc lcunt  
popul3tion cllccis is highlyqucstionablc. 

The priniii? Iitcr:iIurc s(wcc lor ihc LOAEL u ~ i :  
not rcvicrvcd. Not cnoupli iniorni:iiimi is 
availablc lo calciilntc a threshold TRV. 

and dccrcnscd liticr 
NA 
NA 

NA 

NA 

. NA' 

NA 

NA 

151 

Not ciiough iiiinrni.liiw1 is :tv.Lllibhlc I ( >  calculnic 
chreshold TRV. 
No LOAEL valuc nvailablc. 

LOAEL valuc rcprcscnis an EC3S which is 
outsidc of the ngrccd upon cllcct rangc. 

Low coalidcncc is pl;lccd i m  the TRVs duc 10 thc 
docunicntntioii rcvicu,cd illid ihc zigc ,il'ihc study. 
No thrcshold TRV wns cnlcul;~icd. 

No inlormntirm rcg:ltding thc numhcr 01':minials 
affcctcd was nvnilnhlc. Nn ihrczhnld TRV W:IS 

calculaied. 

Not enough inlormatinn is nwilahlc l i r r  ihc 
LOAEL value to cnlculntc a ihrcshnld TRV. 

42 of50 animals dicd a i  thc LOAEL ICWI vcrsus 
19 of 50 nt thc conirol. IR IS  suggcsia that 
cxperimental error IS thc C;IIISC oldc:ilih. hut to 
rcmain conscrvaiivc. IIO ihrcshold TRV is 
calculalcd. 

3 2 2  olircatrncnt animals dicd :I! Y t I  u w k s  
vcrsus 12% ofco1itri11 animals. Morrality in rats NTP, 1987 

Ruddick et al. 1983 

Vclsicol. 1978 

NTP. IYXSh 

Dcciciise iii mntcrnal 
hndy weight gain 

Slightly rcduccd fctal 
body wcifhi and 

i n c i c w  in thc loss 111 

cnihryiis impantcd in 
the cuicrm wall 

lncrcascd mortality in ' 
ninlc rats 
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. .  

, s i a ~ i : ; T ~ :  
inF/kg dn:v: 

4 X  

150 
273 

97 

NA 

511 

179 . 

I S  

N A 

50110 

211 

3.50 

0.57 

Attachment 3 
Toxicity Reference Values for ECOls Derived From n Lirernture Review 

NA 

Shcrman. IY74 
NCI 1977 

McCaulcy et ill I9YU 

D:i~ncs CI al. 19x5 

Ennn ;!nd K d c r  19x5 

Rhodin. IYhY 

NTP. IYRhn 

. Hautctal.  1996 

Hnrdin ct 111. 19x7 ' 

Dcn Tnnkclnar CI 81. 19x3 

Knvlock ct nl. 19x7 

LCC ct 4. 19x5 

hlrtrtnlily in rats. 
h4nrtality UKIS notcd 
.in thc lmvcst dose 
I C V C I  2nd NOAEL 

\\':Is csulllalcd 110111 

thc LOAEL. . Sti l l i t  ct :tI. 1975 - 

Nn clfccts on rat 

Monnliiy in r x s  N A  
Nil chanx in rat 

body wcieht Shcrmnn. 197.1 - 
- 

hlldy wcight hlcC:,"lcycl i l l .  19YO -/j No changc wcisht in brrdy 

No rcpr~iductivc , 
- CIICcIs i l l  niicc . Exon iind Knlcr 1985 

No rcproductivc nr 
iniortnlity cllccts in 

d0gs Rhodin. 1Yh9 

NTP. 1Y86a 

Hnut ct ill. 1996 

- hlortality in niicc 
No clfcct on growth 

in rats - 

Ncr ~ h ~ n g c  in- 
rcprnductivc ratcs llordin ct nl. 1YR7 

No rcpriiductivc or 
mnrtality elfccis in 

rats Dcn Tonkclnar ct 81. 1983 

NII rcpriiductivc or 
matcrnal/lttal 

mortnlity cllccu in 

Atrophy of scmcn 
micc Spcnccr ct al. 1948 

tubulcs L C C  ct nl. lYR5 - 

Dccrcnsc in rat hndy 
w i g h t  

N A  

Dccrcasc in rat hndy 
wclghl (mnlcs r,nly) 

' NA 

lccrcascd iticitn littci 
SI /C ill I l l iCC 

incrcasc mortal~ty XIL 

iotcntial rcproductivc 
clfccts in dogs 

Mortality in niicc 

Small dccrcosc in 
hody weight gain 

lncrcnsc in nutcl-nnl 
ml>rtJlity 

ElTccls on 
spermauipcncsis and 

ntortalily in rals 

lncrcasc in icsticulnr 
olrophy in micc 

Atruphy of scmcn 
tu hu Ics 

NOAEL WIS cstinhtcd I ' rm thc LOAEL 

Thc pcrccnvafc of thc trcatmcnt group that was 
elfcctcd is  unknown. hnwcvcr. thc ability of thc 
cndpoint to prcdict ccologically rclcvant 
population cllccts is qucstiunnhlc. 

56 111% dccscnac 111 rnt hndy \wight. 

No clfccts :,I hisheat dmc NA 

Thc printaiysourcc u'ns not locntcd. Thc d n u  
wcrc prcscntcd in ATSDR liir chli~rriphcnols. 
Thc LOAEL is  hascd nn dcurcnscd littcs SIZC hut 
thc Icvc! n lc l lcc l  is  itirt clcar so (no thrcshold 

N A  TRV was c:tIcu1atcd 

No information rcgarding thc nuntber olnnimnls 
alfcctcd u'as avnilablc. No thrcshold TRV tvns 

N o  studics scnrcd >65. so no TRVs arc nvailnblc 

Study was acutc durin? n critical lilcstngc. Nn 
rcproductivc crI'cct~,wcrc nntcd :it LOAEL. 
Acutc mnrtnlity was nntcd at LOAEL. NA . 

Thc primary I i lCI 'J lUIC IOUTCC \vas 11111 ohtaincd. 
howcvcs. thc study w s  rcvicwcd in ATSDR. 
The LOAEL is  lor both rcproduction 2nd 
monnlity but IcvcIs dcllccis arc no1 known. Nr 

N A  threshold TRV was calculatcd. 

Thc primniy litcrnturc sourcc lor thc LOAEL wn 
not lound hut thc LOAEL valuc was rcvicwed in 
ATSDR. Sincc thc ability ol  thc LOAEL 
cndpoint to predict ccologically rclcvant 
populnlion cllects is highlyquestionable, the 

209 threshold was calculated. 

N A  NOAEL WIS cstintntcd from Ihc LOAEL 
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Atrnchment 1 
T o x i c i t y  Reference Values f o r  ECOIs Der ived F r o i n  a Literature Rev iew 

I 

- 

Tlireshold THV 
- VO4EL Fndpoint LOAF.1. Source L O A t l .  Endpninl ( m g k  day) rhrohold Haliondlc 

Dccrcnscd 
spcrnintogcncsis in 

The original p a l m  \viis i int rcvicwcd. h i i u w c r .  
N u  reproductive thc ability 01 ihc ciidpoint to Iprcdict ccnlogically 
c l l cc~s  in niicc LCC c t  ill. I976 l a ts  21) rclcvnnt populntion cllccts i s  hiphly q u c s ~ i r i ~ ~ a h l c  - 

Nn ch:mgc in A l l  LOAELs (n=?) .tic unhmindcd. hut 75llll 
tcsticulai mgkg day ~ a l u c  is  lhrghly cnriscr\,:itiw iuid 

iiinrpholnfy Hcindcl C L  nl 19x9 \'cssicIc w i g h t  3531 ccologically rclcvciii cllccis iirc 11111 cxpccicd. 
Dccrcesc in bcininiil 

- 

N,1 cllcct (111 r:ll Inc rcxc  i n  mortality X I  to 35%. ~ncrca~c  i n  moi-tsliiy talc at Ihc Iuu.cst 
nioit;ility Kociha ct al. IY7J in  rats N A  bounded LOAEL. N o  ihrcshold T R V  calculatcd - 

N o  cl lcc~, o n  hrdy 
\rciph[ or suiviviil ill 

Dccrcnsc in mi\,iv:il 
sild hody wcight iii 

The wiginal  pap" W.IS n t 1 1  rcvicwcd. Not 

cnriuph in lornut ion was n\ail:ihlc Io calcuI i i~c thc 

7hc  pcrccnmpc o i t h e  trciitii iciit gioup th;lt \vas 
cllcctcd is unhnowi.  howc\,cr. il ic ability I I U  the 
cndpnirit to predict ccologically rclevimt 

No1 cnough info~mii t ion w:is :i\:iilahlc 10 

rats €PA. I1)Xhn rats N A  ihrcshold TRV.  - 

UII :;ystcmic oi tisbuc 

Vr, cllict oii rill hiidy 

Incrc~sc  in l ivcr  .tiid 
ICWI ill I~IIS w o l l c l  al. 1 ~ 5 6  kidncy weight I68 populatiur cllccts is  qucsiion;ihlc. 

wcight EPA. 1986d weight N A  ~ ciilculiilc thc thicshold TRV 

- 
Dccrc.isc in rill hody 

- 
cllcct on  i i ~ o t ~ s c  

N o  c l l ccu  on krdncy 
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Attachment 3 
Tox ic i ty  Reference Values Cor IXOls Derived F r o m  a Li terature Review 

htcthyl n1cihaciyl:w II 

PI1cnol JO 

Pgrcnc 2 5 0  

LOAFLJR' 
(mc/kg dnv) 

N A  

N A  

I IO 7 

N A  

N A  

53 3 

N A  

400 

N A  

Nii c l l c c ~  oii ii ioiirc 

No ch;ingc in hody 

N u  cllcct on 1 ~ 1 1  jpup 

DOD. 19x5 w i g h t  gain 

hndy u.c,ght or 
Aniciican Cynnamd I974 S"IV1V31 

NII cllccls on 
iirniiiitc KII l iwrs  

Nn cllcct on rai Ictal 

Lindcr ct ill. 1980 

K ~ c ~ J  and Villcnciivc. I975 dcvclnpmcnt 

vu ClCCUt 011 1.11 

rcprnductioii 

miirullity 

No dcvclopmcnwl 01 

rcliroducii\~c cllccls 
Murrayct  al. 197X 111 riiis 

NII syricmic cllccts 
nn rais Kirnrnerle and Klimrncr. 1974 

N A  

N A  

Murata ct 81. 1YY7 

NA 

NTP. 2001 

DOD. 19x5 

Amcl-icaii Cyanamid, 1974 

Lindcr CI 31. 1980 

N A  

Jaratsky and Knvlock. 1995 

NA 

Srlva,r:lvo C l  31. I Y X Y  

N A  

Tlirrshold TU\ 

N A  N A  N o  cllccts iprcdictcd ;it ihc highcsi dosc IcvcI. 

No growtli or iii i i italiiy cllccts inoicd :I[ highcst 

Avcragc 01 7 S% dccicasc in bndy wcighi wlicn 

N A  dnsc IcvcIs. N A  

Dccrcasc in  body 
wcighr in inicc 76 comparcd 111 co1111o1 

N o  sludics rcorcd >h5. so no TRVs arc availablc. 

Nrrl cnougli inlnrmalion is  :i\mlahlc i n  c:~IcuIatc a 
l v c r t  maternal toxicity N A  ihrcshold TRV.  

DC~IC~SC 111 rctni 

Incrcascd iiioilaliiy 111 

lncrcnsc in  rat 

Uoknowti IcvcI iil 'cllccl :I[ ilic LOAEI.. NII 

Not ciiii i igh 11111~  t i u t i u i  is a w l a h l c  io c:~IcuIn~c a 

I X %  i n c r c w  111 niiuialiiy ( ? X %  a i  ihc L O A E L  

wcighl NA ihlcshold T R V  c:11~~1:1tcd 

rill5 N A  ihrcslirild TR\'. 

morraliiy I I 6  v c r s u  10% ai ihc control). 

N A  
I I 

No cllccis WCIC iioicd at ihc highcsi dosc Ic\,cI. N A  
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Atrachmenl 3 
Toxicity Reference Values lor  ECOls D e r i w l  From a Literature Review 

N O A E L  
T H V  

ni&g da? 

2.4 

1118 

1110 

3 3 

2 5 0  

24.Y 

100 

1 

I ?j 

32.5 

3.57 

11.: 

31 

17Y 

?OO 

53.6 

NA 

249 

300 

IO0 

1429 

4?Y 

Chit c i  al. 1984 

NCI. 1Y7Rd 

Rczcxch Trianplc InsiituIc. IYR6 

Rohiiison CI al  19x1 

Scidcnhcr? c i  al. 1946 

Exriti nnd Krilcr 1985 

Smithc~al .  1Y81 

NTP. 1 Y S j a  

Ho~.chsi. I Y R J  

€PA. 2003c - PPRV Taxicily Suninvary 

EPA, 2lHl3b - PPRV Toxicity Sumniary 

V()AEL Endpoint 

lo cllccts on i i i n u s ~  
Lidncys 

N o  rcproduciirc 
:ITccls nolcd in rats 

io crlccis on gii\vLl 
nr rcpmductiwi in 

- 

NOAEL cstimalcd 
li-~lnl LOAEI. 

No rcproductivc 
cliccis i n  mice 

No cllbct nn 1x1 

dcvclnpmciii o r  
iironaic survivial 

4o rnortaliiy cirecu 
on rats 

- 

h'o cllcci on rai 
rcproduction 

.lo mortality cllccis 
on rats 

N o  crrccl on hody 
wcighl in rats 

- 

Chu ct 21. I984 

NTP. 1YR3b 

cscarch Tri;iiiglc Iiistifuit 

Ruhitism ct :)I 1981 

NA 

KCI. I97Xc 

Exon a i d  Killer 19x5 

Smith ct ill. l Y X l  

NTP. 19X2a 

Hocchsi. IYX4 

Toxicity Suniniai y 

€PA. 2003h - PPRV 
Toxicity Suninxiiy 

EPA, ?nine - PPRV 

LOAEI. Endpuiiil 

icvcrc kidiicy lcsioiis 

Incrcsc in ral 
mortality 

Somc cllccls on mi 
growth and 

rcprod uciion 

Iiicrcasc OS monalily 
in nialc rats 

NA 

liicrcasc in niorialiiy 
in rau 

,Jighi changcs in livci 
nd kidncy Sunciinii in 

rau( 

Jccrcascd mcan littcr 
SIK in mice 

Dccrcasc in CII 

nconaic survival 

hlonaliiy in mills 

Rcproduciivc cl'lcots 
in r a u  

Mortality in rats 

Dccrcasc in body 
wcighi in rau 

NOAEL and LOAEL :!rc hiscd on tidiicy 
Icsinns. N n  rcprriduciiw. dcvclopmcnlal. prnwit 
o r  iiirrri:ility nicxurcs wcrc idcnlilicd w d  

Howcvcr. duc i c i  tlic scvcriiy 1 1 1  ihc kidncy 
Icsinns. 110 Ihrc%hold TRV \\.:is calculatcd. NA 

No1 cnough iniormaiion u~~ availahlc 10 

Thc original papcr u's not rcvicwcd. Nni 
cnough inl'ormaiiiin was n\,:iilahlc 10 calculaic Ihi 

No1 cnoufh iiiSornialion io c:Pcul:~~c lhrcshold 

N A  calculalc Ihc threshold TRV. 

N A  ihrcshold TRV. 

113 TRV. 

NA No cifccis at highcsi dusc 

Primaiy snurcc nnt ohiaincd. RcvicwcJ in IRIS. 
Iiicr:iiuIc rcvicw scorc \KLS less than 69. hut Ihc 
papcr ilppcitrcd to hc s w n d  iis discusscd iii IRIS 
Rccnmnicnd t h a i  ilic vduc  hc riscd wiih 
qu:ililications. Only t i  LOAEI. TRV \vas 

N A  availahlc. .I 

Thc primniysnulrc was 1nm Im~~alcd. IRIS ~noics 
that this IS Ihc tmly oral tmici ly pqicr :iv;iilahlc 
lor this coiiipuiid. NOAEL is rcploduciivc. 
dcvclnpnicntol. mid n iwtd i iy  h:iscd. LOAEL IS 

hnsed 011 cndpnirrc; that h a w  limited ahilily to 
prcdicl ccdi ip ical ly rclevani populaiion eliccts. 173 

Thc primary sourcc was nul IOCJIC~. Thc data 
u'crc prcscnlcd in ATSDR for chlornphcnols. 
Thc LOAEL is hascd tm dccrcascd liiicr s i x  bul 
Ihc Ic\'cI ~ i l c l l c c l  is  no! clcar so no Ihrcshrild 

NA TRV W;IS culculaicd. 

Y I 'A survival 81 ihc LOAEL wrsus 97%. i n  Ihc 

IOIl% inorlalily noicd a i  LOAEL. No thrcshold 

5.5 control. 

N A  TRV calculatcd. 

Primary sourcc noi ohiaincd. Rcvicwcd :IS 

crilical sludy ill IRIS. Not cnough inlormalion 
was availahlc In caIcuIaic thrcshold TRV. 

I WR mortality noted at LOAEL. No threshold 

NA 

N A  TRV calcula~cd. 

248 I 1 %  dccrcuc in body w i g h i  ovcr YO days. 
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Att:ichmeni 3 
Toxiciry Reference Values for ECOls Derived From a Literature Revien 

Thc pcrccnlagc or Ihc ircalnicni grnup ihai was 
cil'cclcd is u o k n n w .  howcvcr. Lhc :ihiliiy 01 ihc 

No rcpriiducti\,c Tcsticular cndpoinl lo Iprcdici ccolugically ic Ic \~an~ 
25 DOD 19x1 cliccls t n  rat\ DOD 19x1 dcpcncration in !:lis I I populauirn cllccis IS qucs1ion:lhlc. 

Prim.iry SOUICC inoi g,hi:iincd. Rcvicwcd in 
ATSDR. I1  is rcctinimcndcd ihai ihc NOAEL 

Nn rcpruduclirc DccrcJsc in mi pup . TRV hc uscd hut no1 cnnugh inlormation is 
43 I Hnzclinn c i  ill. I Y Y B  cllccls in rills Hilzclton CI al. 1987 weigh1 gain NA availablc io calculalc a ihrcshold TRV. 

Minimum lclhal dnsc 
in phcassnnl 

NOAEL cstimalcd 
4 NA Primary soi111cc 1101 rcvicwcd. USFWS 19x4 NA lrnm LOAEL 

No cflccts on growlh. ,. 

ninrlality at Lhc hiphcsl . 
rcprnduciinn. or 

NOAEL csuimicd. 

No cllcct 011 

NA Primary s o u w  not  icvicuwi. 300 N A lrirm LOAEL Schwclz c i  al. IY74 dlJSC ICVCI. 

J:iponcsc q u i d  Signlicant dccrcnsc in 
NA Primary source noi rcvicwcd. 2.25 VlbZ C I  31. IY71 ininrulily V0.s c i  al. 1971 quail halchahilily 
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Attachment 4 
Calculation of ESLs for Inorganic ECOIs and Other Organic ECOls with Regression-Bawd Bioaccumulation Facton 

Receptor - American Kestrel 

NA = not available 
Erposure factors for calculations 
IRf 0.092 kgkg B W / d y  
PsoJ 0. os 
Pplant 0 
Pinvert 0.2 
Psm 0. a 
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Attachment 4 
Calculation of ESLs for Inorganic ECOls and Other Organic ECOls with Regmion-Based Bioaccumulation Factors 

Receptor - American Kestrel 

Man anese I NA 1 BAF I I I 0234 
llMer&y NA I In(Cp) = BO + Bl(lnCs) I -0 996 I 0 544 I NA 

-1.421 0.706 

2.1 I4 0.795 

BAF 

BAF 
In(Ce)= BO +Bl(lnCs) 1.675 0,264 

nllr T)nr I I 

BAF I I 
In(Ce) = BO +Bl(lnCs) I -0.218 I 0.807 

NA = not available 
Erposurefoctors for calculafians 
IRf 0.092 hg/kg A W / d y  
P s O i l  0. os 
Pplant 0 
Pinvert 0.2 
Psm 0.8 

1 Page 2 of 20 



Attachment 4 
Calculation of ESLs for Inorganic ECOls and Other Organic ECOls with Regression-Based Bioaccumulation Factors 

Receptor - Mourning Dove (lavertivore) 

NA = not available 
Erposure factors for calculations 
IRf 0.23 kgkg R W/dy 
Psoil 0.093 
Fplant 0 
Pinvert 1 
Psm 0 
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Attachment 4 
Calculation of ESLs for Inorganic ECOls and Other Organic ECOls with Regression-Based Bioaccumulstion Factors 

Receptor - Mourning Dove (lovertivore) 

NA =not available 
Erposure faciors for calculatiom 
IRf 
PSOil  0 093 
glant 0 
Plnveri 1 
Psm 0 

0 23 kg4g B W/day 
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Anadunslr 4 
Calculation of ESLs for Inorganic ECOls and other Organic ~Colr with Re-ion-Bared Bioafcumulalion Factors 

Reteptor - Moumins Dove (Herbivore) 

NA = no1 a d a b l e  
Erposure fadan for ealeuluionr 
Kf 0.23 kg& R W h y  
AOU 0.093 
ppronr I 
f f ivn(  0 
Psm 0 
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Calculation of ESLS for lnOWmic ECOls and other Attachment Organic ECOls 4 wih Rfgmsion-Bared Bioaccumulation Facton 

Receptor - Mournin8 Dove (Herbivore) 

I I I I Uptake Factor Models Estimated Concentrations Intake 
BO I BI I BAF I SmallMammaJModel I BO I BI I BAF I Plant I Invertebrate I SmallMmmal I plant I Invertebrate I SmallMammal I Soid I Total SSL'Ihrcahold TawetHQ 

I I I ! I I ! I 1 1 I I I I I NA 
I BI I BAF I IovcrtebratcMdel I 

NA 
ECOl I TRV(I'hraho1d) I PlantModcl I BO 

I L 1  A NI 
NA BAF I 0005 I BAF I 0118 I BAF 1 0093 I 

" ̂ ^^ I I I I l l  I I I I I I I I I I I.,. ..r. , BAF BAF I u.w> 1 
4.5796 I 0.7354 1 NA I I I I I I I I NA 

I 0.937 I NA I 
NA 

NA I ln(Cp) = BO + Bl(1nCs) I -3.233 

I I ! ! I 
NA BAF I 1.103 I ln(Ce)=BO+Bl(lnCr) I -1.421 I 0.706 i NA I lnCm=BO+Bl(hCs) I 2,44E+Ol I 0.00E+00 I 

O.WE+00 I 4.76E+00 1292E+OIl 2.228+02 I 
I 1 I I I I 

29.45 BAF I 0.477 I BAF I 0.16 I BAF I 0.1121 I1.06E+02I 3.56E-1 I 2.498+01 I 

3.162 
3.162 
0.291 

0.078 

0.217 
0.682 
0.118 

2.09 
4.73 

25 6 
32 6 
30 4 
29 4 
32 6 
28 4 
29 8 
30 4 

4.2879 0.5969 
0.0761 0.4422 

-1.2 

BAF I I 
0.8113 I 1.0993 tncm = BO + B I ( ~ C S )  I 

BAF I I 
BAF 
BAF I ! 
BAF I I 
o*c I I 

4.4987 [ 0,0745 InCm = BO + B I ( ~ C S )  I 

I I I I I I I I 2849 I NA 
2875 I NA 

I I I I I I I I I I N A  

2868 NA I NA I 
NA 

2854 I NA 
NA 2861 I 

I I I I I I I I 

I 1 I I I I I I .. . .. . 
I I I I I I I I 28.03 I NA 

NA 28.54 I 
I I I I I I I I N A  I N A  

I I I I I I I I 
I I 

3548 I NA 
NA 

NA =not avoUnbk 
Erporurr fadom for calculnttons 

IRf 
A O U  

4lUllt 
Pinvrn 
A m  

0.23 k@g RW/&y 
0.093 

I 
0 
0 

i e 
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Attadunm: 4 
Calculation of ESLr for lnorgmic ECOlr and Other Organic ECOls with Regression-Bd Bioaccwnulation Factors 

Receptor- Mule Deer 

~ ~ ~~ 

PCB 0.36 BAF 0.25 In(Ce) = BO +Bl(!nCs) 1.41 1.361 N A  BAF 28.79 
0.733 -0.4158 0.3764 NA 0.05 In(Cp)=BO+Bl(lnCs) -0.678 1.104 NA In(Ce)=BO+Bl(lnCs) -0.075 N A  !nCm=BO+BI(LnCs) 

N A  BAF 0.0367 BAF 15.3 BAF 0.81 
Selenium 
Silver 
Strontium 263 BAF 2.5 BAF 0.278 BAF 0.002 
TCDD (Dioxin) o.ooooo1 BAF 0.22 W e )  5 BO +Bl(lnCs) 3.533 1.182 N A  lnCm=BO+Bl(lnCs) 0.8113 1.0993 N A  
Thallium 0.48 BAF 0.004 ' BAF I BAF 0.123 
T:" " 1< n A c  n n.) n.4.2 1 n(*r n 71 

NA = nol owilable 
Erporvre fadom for r o l c u ~ m  
1111 0.021 k&g BW/day 
Psou 0017 

h v m  0 
Psm 0 

PPlMt 1 

= 
- 
Plant 
- 
1.76EM 
1.43E+01 
2 27E+03 
8.96E+M 
I.ZSE+O! 
2.268+01 
1.03E+O! 
1.23E+Oi 
1.96E+O1 
5.19E+01 
3.078+03 
1.4OE+O! 

4.598+01 
2.54E+Oi 
5.868+01 
I.IIE+M 
1.1 IE+01 
3.98E+M 
2.27E+04 
1.53E+OI 
2 23E+M 

I . I  8E+04 
4.22E-05 
4.16E+M 
7.25E+O( 

4.65E+Ol 
3.47E+oC 
3.93E+Ol 

- 

- 

- 

- 
1.80E+01 

l.n 

1.0 
1.0 

0.00E+00 1.76E+00 2.60E+02 4.708+03 1.3 I E+03 9.40E+00 
1.388-03 1.85E-04 9.28847 O.OOE+O 0.00E+00 7.17848 I.OOE-06 1.928-04 
l.o4E+03 1.288+02 9.14E-02 0.00E+00 0.00E+00 3.89861 4.80E-01 I.ME+03 
2.428+02 5.08E+OI I.6OE-OI 0.00E+00 0.00E+00 9.048-02 2.5OE-01 2.428+02 

2.59E+02 0.00E+00 

N A  NA 
3.458+02 2.19E-01 I.O2E+OO O.OOE+OO 0,00E+00 Z.O5E+00 3.07E+00 5.47E+03 
3.I5E+OI 4.68E+OO 7.638-02 0.00E+00 0.00E+00 1.34E-01 2 IOE-01 3.58E+02 
l.l5E+O3 1.62E+02 8.65E+00 O.OOE+OO 0.00E+00 1.04E+00 9.698+00 2.778+03 I .o 

_*!A -1 A 

I I I I I I I N A  I N A  
768E+04 I 686E+04 I 000E+00 I 901E-01 113OE+OO1 241E+O3 I 396E-01 I 000E+00 I 

N A  N A  

N A  N A  

NA NA 
NA SA 

7.378+05 7.02E+OS 1.57E+OI 0.00E+00 0.00E+00 9.378+00 2.51E+OI 2.518+04 I .o 

1.588+06 1.788+06 2.%E+Ol O.OOE+OO 0.00E+00 2.08E+OI 5.04E+01 5.578+04 1.0 

Page 7 of 20 



Calculation of ESLs for Inorganic ECOls and Other Anadunent Organic ECOls 4 with Regression-Based Bioaccumulation Faetors 

Receptor - Mule Dar 

a 

Estimated Concentrations 
Plan1 I lnvcrtcbntc I SmallMarnmal 

I I 
S.3SE+M)I 1.89Et02 I S.66E-01 

1.82E-01 S.SIE+OI I I 3.828+00 I I 

I I 
G.SOE+OI 4.8OEtOl I 1.42Et03 I 

I I 

1.988+031 2.128+02 I 3.13E+02 
I I 

I I 
2,ISE+Ol I 1.7GE+O3 I 

I I 
2.47E+03 

I I 
7.19E+00I 1.8OEtO3 [ 2.2IE+O2 

I I 

I I 

I I 
3.30EtM 2.198+03( 2.93E+M I 

I I 

2.17E-01 0.00E+00 0.00E+00 

S.32E-01 0.00E+00 0.00E+00 

S.ZSE+W 0.00E+00 0.00E+00 

0.00E+00 1.06Et00 0.00E+00 

4.3SEtOI 0.00E+00 O.WE+W 
- 

O.OOE+OO 4.738-01 0.00Et00 

I I 
I58E-01 I 000E*00 I n nnE+nn 

I I 

I I 
- 

0 00E+00 I 23E+OO 0 00E+00 

0 00Et00 4 82E+OI 0 00E+00 

NA = no1 ovaUnblc 
Exposure /odors for c&ulal&ns 
I R /  0.012 kg& BW/&y 
Psou 0.01 7 

I 
plnvcn 0 
R m  0 
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Anachment 4 
Calculation of ESLE for lnorganic ECOlr and Other Organic ECOIs with Regression-Based Bioaccumdation FBC~OR 

Receptor- PMJM 

NA = no1 nwUnble 
Eqmsure fndorr for caleulnflonr 

I R f  
Boll 0.024 

0.7 
ffiwll 0.3 
Psm 0 

0. I7 kgng 8 W h y  
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Anadunent 4 
Calculation of ESLs for Inorganic ECOIs and Other Organic ECO~S with Regression-Bared BioaEcumulation Factors 

Rereptor - Coyole (Carnivore) 

NA = not available 
Erporun fadom for dculotlonr 

A O N  0.028 

P l n V C l i  0 
A m  I 

Wf 0.015 ~ ~ g B W / d 4 l y  

4m 0 

Page IO of 20 
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Anadunent 4 
Calculation of ESLs for Inorganic ECOlr and other Organic ECOls with Regression-Based Bioaccumulation Factors 

Receptor - Coyote (Carnivom) 

e 

a 

NA = nol available 
Erpmvre /&on for c d c u ~ n s  

I K f  
Psou 0.028 

4b 0 
p i n V n (  0 
Psm I 

0.01s kgng BWIday 
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Attachment 4 
Calculation of ESLs for lnorgsnic ECOlr and Other Organic ECOls with Regression-Bad Bioaccurnulation Facton 

Receptor - Coyote (Inuctivort) 

I2 
Exposure fodors for calculations 
Rf 0.015 kgkg BW/day 
PIOU 0.028 

0 
p*rwr( I 
h m  0 
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Attachment 4 
Calculation of E S k  for Inorganic ECOls and Other Organic ECOls with Regrssion-B~ed Bioaccumulation Faclot's 

Rmptor  - Coyote (Insectivore) 

I I Uptake Factor Modeb I I Intake Estimated Conenhatiom I I 
I BI I BAF I Plant I Invertebrale I SmallMammal I Plant 1 Invertebrate I SmallMammal I Soil I Total I SSLThmhold I T a a e t H Q  - ... I I .. . I .I. 

ECOl I TRV(lhmhold) I PlantModel I Bo I BI I BAF I InvertebrateModcl I Bo I B I  1 BAF I SmallMammalModel I BO 

I I I I I I I I I I I I I I I ..- , ..- BAF HAP 

I 
I I I I I I I I I I NA "11 1 948-03 1 4 95E-01 I 4 62E+00 I 

NA BAF 
0 5 1  
NA I In(Cp) = BO + BI(L~CS) I -0 678 I I 104 I NA I In(Ce)-BO+Bl(lnCs) I -0 075 I 0733 I NA I ~ ~ C ~ = B O + B I ( ~ ~ C S )  I -04158 I 03764 I NA I 

BAF I 0 25 I In(Ce)= BO+Bl(lnCs) I 141 BAF I 28 79 I 1 I5Et001 3 29E+Ol I I33E+02 I 000E+Ml I 4938-01 I 000E+00 I [ 1361 I NA I 
itrale 

NA 
I M A  

Psm 
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Attachment 4 
Calculation of E S h  for lnorgmk ECOls md Other Organic ECOls with Regression-Based Bioaccumulation Facton 

Rmptor  - Coyote (Ceoernbt) 

0.015 kgnP BW/&y 
0.05 

0 
0.25 
0.75 
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Altadunent 4 
Calculation of ESLS for h o ~ c  ECOIo and Other Organic ECOI~ with Regression-Bad Bioaccurnulation Facton 

Receptor - Coyote (Ccncraht) 

NA = nol owhble 
Exposure fadon for calculaHonr 
W 0.01S kg& BW/day 
A011 0.0s 

0 
pinurrl 0.1s 
A m  0.7s 
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Attachment 4 
Calculation of ESLs for Inorganic ECOla and Other Organic ECOlr with Regression-Bawd Bioaccwnulation Facton 

Receptor - Prairie Dog 

NA = noravailnblc 
Erporure factors for calcublbnr 

PIOU 

f i v m  
Am 

I r Y  

pp*urr 

0.029 kg& SW/&y 
0.077 

I 
0 
0 
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Attachment 4 
Calculation of ESLS for Inorganic ECOls and Other Organic ECOIs with Regrasion-Baxd Bioaccumulation Factors 

Rmptor - Prairie Dog 

Page 17 of20 



Altachmmt 4 
Calculalion of ESLs for Inorganic ECOls and Other Organic ECOIs with Regrasion-Based Bioaccumdalion Factors 

Receptor - Deer m o m  (Inrertivore) 

NA = not a&lr 
Erposurc fadon for rolevlnHoru 
@I 0.065 kgng B W/&y 
A O U  0.02 

plnvrn I 
A m  0 

4m 0 
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Attachment 4 
Cdculanon of ESLs for lnorgaruc ECOlr and Other Orgmc ECOls wth Regression-Based BioaCCumUlaOon Factors 

Receptor - Deer Movw (Inwrtivom) 

I I Uptake Factor Models 
ECOl [ T R V p r u h o l d )  I Plant Model I Bo I BI I BAF I lnvertebrsteModtl I Bo I BI I BAF I SmallMnmmalModel I Bo 

NA BAF 0 01 BAF NA NA 05%Y NA -0 2879 
lead 4 85 In(Cp) = BO + BI(lnCs) - I  328 0561 NA In(Ce)=BO+Bl(lnCs) -0218 0 807 NA lnCm = BO + Bl(lnCs) 0 0761 04422 NA 5 89E+00 696E+OI I24E+OI OWE+OO 452E+00 0 00E+OO 
L i h u m  NA BAF 0 025 BAF 0217 BAF 0 006 NA NA 

0682 NA 
Mercury NA ln(Cp) = BO + Bl(lnCs) -0 996 0 544 NA MCe) = BO +BI(lnCs) -0 684 0118 NA BAF 0 192 NA NA 
Mobbdmwn NA BAF 0 2s BAF 209 BAF 0 035 NA NA 
Nickel NA ln(Cp) = BO + Bl(lnCs) -2 224 0748 NA BAF -0 2462 04658 NA NA NA 4 73 lnCm = BO + Bl(lnCs) 

I361 NA 

0 078 lnCm = BO + Bl(lnCs) Iron 
I O  3 27E-01 4 85E+W 2 51E+02 

Manganese 46 69 BAF 0 234 ln(Ce) = BO +BI(lnCs) -0 809 BAF 0 037 4 23E+03 3 57E+02 6 69E+02 0 00E+00 2 35E+OI 4 67E+OI I 81E+O4 I O  0 00E+00 2 32E+01 

Nitrate NA BAF I BAF 1 BAF 1 NA NA 
PCB 0 5 1  BAF 0 2 5  ln(Ce)=BO+Bl(lnCs) 141  BAF 28 79 4 02E-01 7 8IE+00 463E+OI 0 00E+00 2 0 9 E - 0 3  5 IOE-01 ~ I61E+00 I O  0 00E+OO 5 08E-01 

~ ~ ~ 

NA .. . NA . .  03764 NA - -  Selmum NA In(Cp) = BO + B I(lnCs) -0 678 I 1 0 4  NA ln(Ce)=BO+BI(lnCs) -0 075 0 733 NA lnCm =BO + Bl(lnCs) -04158 _ _  

Aluminum I NA I BAF I I I 0.005 I BAF I I I 0.118 I BAF I I I 0.093 I I I I I I I I I NA 
0.19 I ln(Cp) = BO + Bl(lnCs) I -3.233 I 0.937 I NA I BAF I I I  BAF I 0.003 1.06E-01 I 2.87E+W) I 8.60E-03 I 0.00E+00 I 1.86E-01 [ O.OOE+OO I 3.73E-03 I 1.90E-01 I 2,87E+OO I 

I 1.23 I BAF I I I 1.103 I In(Ce)=BO+Bl(lnCs) 1 -1.421 I 0.706 I NA I lnCm=BO+Bl(lnCs) I -4.57% I 0.7354 I NA [ 3.188+021 1.32E+OI I 6.60E-01 I 0.00E+00 I 8.55E-01 I 0.00E+00 I 3.75E-01 1.23E+001 2.888+02 1 1.0 

~ 

Strontium NA BAF 2 5  BAF 0 278 BAF 0 002 NA NA 
TCDD (Dloxm) NA BAF 0 22 In(Ce) = BO +Bl(lnCs) 3 533 1 182 NA lnCm = BO + Bl(lnCs) 0 81 I3 NA NA 10993 NA 

Tin NA BAF 0 03 BAF 1 BAF 0 21 NA NA 
Thallium 0 83 BAF 0004 BAF I BAF 0123 501E-02 I25E+OI 154E+00 0 00E+00 I 638-02 8 3OE-01 1 25E+OI I O  

Timum NA BAF 0 0055 BAF 1 BAF 0 075 NA 

000E+00 8 14E-01 

... NA .. . 

6: 

~ ~ Vanadium NA BAF 0 0097 BAF 0 088 BAF 00131 NA NA 
Zinc NA In(Cp) = BO + Bl(lnCs) I575  0 555 NA ln(Ce) = BO +Bl(lnCs) 4 449 0 328 NA lnCm = BO + Bl(lnCs) 4 4987 NA NA 00745 NA 
Anthracene NA MCp) = BO + Bl(!nCs) 0 079 0867 NA BAF 29 8 BAF 30 95 NA NA 
Bmda~anthracene NA h(CD) = BO + Bl(lnCs) - I  44 0791 NA BAF 31 2 BAF 28 7 NA NA 

Bmro(b)lluoranlhene NA ~ ( C D )  = BO + Bl(lnCs) - I  44 0791 NA BAF 32 BAF 28 75 NA NA 
Bavo(gfu)perylene NA ln(C0) = BO + Bl(lnCs) -2 565 1299 NA BAF 32 6 BAF 29 55 NA NA 
Fwnzo(L)fluoranthene NA ln(Cp) = BO + BI(lnCs) - I  44 0791 NA BAF 32 3 BAF 28 68 NA NA 
Chpsenc NA In(Cp) = BO + Bl(lnCs) -1  44 0791 NA BAF 25 6 BAF 28 54 NA NA 
Dibnv(a,h)anthracene NA ln(Cp) = BO + Bl(lnCs) - I  44 0791 NA BAF 32 6 BAF 28 61 NA NA 
Fluoranlhene NA ln(Cp) = BO + Bl(lnCs) - I  44 0791 NA BAF 30 4 BAF 33 69 NA NA 
Fluorene NA ln(Cp) = BO+ Bl(lnCs) - I  44 0791 NA BAF 29 4 BAF 28 03 NA NA 
Indene( I . 2 . 3 - c d ) w 5  NA ln(Cp) = BO + Bl(lnCs) - I  44 0791 NA BAF 32 6 BAF 28 54 NA NA 

Phenanthrene NA In(Cp)=BO+ Bl(lnCs) -1  44 0791 NA BAF 29 8 BAF 35 48 NA NA 
NA ~ ( C D )  = BO + Bl(lnCs) -1 44 0791 NA BAF 30 4 BAF 31 54 NA NA 

~~ 

Bmro(a)wrene 6 55 ln(Cp) = BO + Bl(lnCs) -2 053 0635 NA BAF 31 9 BAF 2849 2668-01 I OIE+02 8 99E+01 0 WE+W 4 IOE-03 6 55E+OO 3 16E+00 I O  0 OOE+00 6 55E+W 

~ 

86 6 ln(Cp)=BO+ Bl(lnCs) - I  44 0791 NA BAF 28 4 BAF 31 94 4 97E+00 I 33E+03 I50E+03 0 00E+00 8 65E+01 0 00E+OO 6 09E-02 8 66E+OI 4 69E+OI I O  
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Calculation of ESLs for Inorganic ECOlr and Olher Attachment Organic ECOh 4 with Regression-Based Bioaccurnulation Facton 

Receptor - Deer Mow (Herbivom) 

0.111 kghg BW/@ 
0.02 

I 
0 
0 

Page 20 of 20 



Attachment 4 
Calculation 0fESI.s for Inorganic ECOIs and Other Organic ECOls with Regression-Bared Bioaccumulation Factors 

Rmptor - Deer M o w  (Herblvort) 

5.8OE-OI 1.748+02 

8.488-01 6.88E+OI 
NA NA 
NA 

NA NA 
NA NA 
NA NA 

8.85E+00 1.78EW3 

I NA I NA 
4.80E+001 1.398+03 I 

I N I  I N A  I I I I I I I I I I I I I Lithium NA BAP BAr LlAr 

Manganese 
BAF 

I ".W" I ..- , ..<. 

I I W d  N I  
I 0.192 [ 
I n n - z  I 1 I 

I I I I I I I I I I I I NA 11 46.69 BAF I 0.234 I h(ce) = ~o+Bl( lnCs)  1 -0,809 I 0.682 I NA I BAF I 0.037 I3.918+021 7.03E+01 I 6.19E+OI I 0.00E+00 I 3.71EW I4.728+011 1.678+03 I 4.348+01 I 0.00E+W I 
NA "." I 0.118 I NA I IlMercury NA I ln(Cp) = BO + Bl(lnCs) I 4.996 I 0.544 I NA I In(Ce)=BO+Bl(lnCs) I 4.684 - _. _ _  

I I I I 1 I I I I I I I , I I NA BAF I U L >  I LlAr I "",J I I Ml;;'enurn NA NA I In(Cp) = BO + Bl(lnCs) I -2 224 I 0748 I NA I BAF I 473 1 lnCrn=BO+Bl(lnCs) I -0 2462 I 04658 I NA I 
..- 

I I I I I I i 1; 11 I I 1 1  1 I .I. _ _  
I I I I I l l  I I I l l  I I I l l  I I I I I I 1 I NA BAF BAF BAF 

0 51 BAF I 025 I ln(Ce)=BO+Bl(lnCs) I I 4 1  I 1361 I NA I BAF I 2879 I4258+00[ I948+02 I 490E+02 I 4728-01 I 000E+00 I 000E+00 I 3788-02 1 5  IOE-01 I I7OE+Ol I 
NA I ln(Cp) = BO + Bl(lnCs) I 4 678 I I 104 I NA I ln(Ce)=BO+Bl(lnCs) I -0 075 I 0733 I NA I ~ C ~ = B O + B I ( ~ C ~ )  I -04158 

1*m I 1.- 

I I I I I I I I I ! NA loll NA 
11. ., 1 I 03764 I NA I 

^ ^  

NAP nol awlhdle 
Erposure fadom for colrulollons 

IKf 
A O U  

4- 
pinmi 
Psm 

0. I I I k@g B W/&y 
0.02 

I 
0 
0 
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a Auachmcnl e Tablc 5 

ESL Calculaiinns Ibr Organic ECOIs I 



Aiinclimcni Tnhlc 5 
ESLC.dculalionr lor Oipanic ECOls 
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Auxhrncnl a .  Tahlc 5 

ESL Calculatinnr Ibr Organic ECOlr 
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Allachrniil Tnhlc 5 
ESL Calcuhlions Ibl-Oigmic ECOls 
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Attdchrnent 8 Tahlc S 

ESL Calculations lor  Organic ECOls 
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ESL Calculsions Ibr Orpnic ECOls 
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9 0 
ESL Cdculations for Orpnic ECOb 

0 Aunrhmenl 0 Tablc 5 
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Attachment 0 Tahle S 

ESL Calculaiims liv Orpnic ECOls 
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ESL Calculnliutir Ibr O r p i i c  ECOlr 
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MinaMdd. 1985 

EPA 1989s 

EPA 2M3b 

EPA lW3b 

BPA ZW3a 

ChWiC I Matnlity 

Omwu. Systemic 

Hardindd. 1987 

hrdin a d. 1987 

(ATSDR) Rvddick d d. 1983 

(ATSDR)Ruddickdd. 1983 

Rddick d. 1983 

Ruddickdd 1983 

IBnadd. 1984 

chrmio I NIP 19850 

NIP 198% 

T h a d  1982 

chrmis I 

I NA 
OlSKdin 

J a r r A i a  1984 

NCI 1979b 

KIP 1985b 

NIP 1985b 

ChlUliC NA 

ChrmiE NA 

Wsirburgadd. 1981 b z r a d  Motlalily ChrmiE 

Wcirb-ad. 1981 ChrmuC 

ChWiC 

C M C  

Mifarmmi el d. 1979 

EPA 198W S W  

C M S  I I NA 
ExmandKollcr1982d 1985 

Exanand Kollsr 1981 

E x a n d  Kolla 198s 

NCI 197% 

NCI 197% 

NCI 1978c 

C h O  ppm dta  3194 0 46 

Youdd 1998 

4.4-DDE I NCI 197% 

NCI 197% 4.4.DDE Ral oral Fmd 18 We& Adull 

4.4-DDE Rnl OaMSc 011 (kaaummp14.18 Mull 

Motlalily 

Rsprodvlion Grayad. 1999 

Kclrrdd. 1995 

Th-dd 1940 

nIommdd1940 

Ruddickdd. 1983 

V&wl 1981 

Oisvinidd. 1986 


